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ABSTRACT 
Water is an integral constituent of life. It is the most abundant part 
of the living and as such performs important role in the metabolism. It 
is chiefly a limiting factor among land animals in which the amount is 
subjected to great fluctuations. Present work represents the 
preliminary limnological investigation and plankton diversity in 
three selected waterbodies of Aligarh, namely Medical Pond (MP), 
Wildlife Pond I (Pond I) and Wildlife Pond II (Pond II). These 
waterbodies are man made and used as drainage basins into which 
the surface runoff water and sewage from the surrounding catchments 
area enter. 
Water temperature varied in accordance with air temperature. In 
all the ponds, air temperature ranged from 20 (Medical Pond and Pond 
II) to 36oC (Pond I) whereas water temperature ranged from 16.5 (Pond 
II) to 35°C (Pond I) in ponds during the study period. The statistical 
analysis showed a very significant positive correlation between surface 
water temperature and air temperature (MP, r = 0.993; Pond I, r = 
0.984; Pond II, r = 0.988). 
Transparency value ranged from 7.5 (December, 2006) to 30.5 cm 
(October, 2006) in these Ponds. Low transparency values were found 
during summer and monsoon months. In summer, it was mainly due 
to evaporation of water which raised the concentration of dissolved 
solids at increasing temperature. Production of turbidity during 
monsoon season is caused by the introduction of colloidal matter, silt 
and clay into the water body along with the rain water coming from 
the surrounding catchment area. Turbidity varied from 18 
(December, 2006) to 80% during October, 2006. Water was found to 
be turbid during summer and monsoon months. It may be due to 
incoming silt and clay along with the surface run off from the 
surrounding areas and occasional rains. The statistical analysis 
showed a positive correlation between transparency and turbidity 
in MP (r = 0.993) and Pond 11 (r = 0.979) and negative correlation 
in Pond I (r = -0.124). Higher values during the post monsoon 
months were recorded in all the ponds which might be due to the 
settlement of the incoming colloidal matter, silt and clay entered 
during the monsoon season. 
Values of Total solids ranged from 655.0 (June, 2007) to 1870.0 
mg/L (June, 2007) in the water samples of these ponds. The 
statistical analysis showed a negative correlation between Total 
solids and turbidity in MP (r = -0.285) and positive in Pond 1 (r = 
0.391) and Pond II (r = 0.301).TDS ranged from 188.0 mg/L (May, 
2007) to 1180.0 (June, 2007) in these ponds. The statistical analysis 
showed a negative correlation between TDS and Turbidity in MP (r 
= - 0.670) and positive in Pond I (r = 0.396) and Pond II (r = 0.397). 
TSS ranged from 375.0 (May, 2007) to 860.0 mg/L (March, 2007) in 
the water samples collected from these ponds. The statistical 
analysis showed a positive correlation between TSS and Turbidity 
in MP (r = 0.298), Pond 1 (r = 0.314) and Pond 11 (r = 0.075). 
Hardness varied from 32.0 (September, 2007) to 335.0 mg/L (June, 
2007) in the water samples of these ponds during the study 
periods. Higher values during summer and lower during monsoon 
might be attributed to the evaporation of water at high temperature 
and dilution of water by rain respectively. 
Among Ions, three main ions calcium, magnesium and chloride were 
detected. Calcium values varied froml4.6 (September, 2007) to 113.0 
mg/L (June, 2007) in these ponds. Values of calcium were found 
higher in summer months, lower in monsoon months and moderate 
during winter months. Increased levels of calcium during the summer 
season in these water bodies might be due to evaporation of water and 
decomposition of dead aquatic plants and animals. Values of 
Magnesium ranged from 1.4 (September, 2007) to 31.0 mg/L (May, 
2007) in these ponds. Higher rate of decomposition of organic matter 
and evaporation of water are the probable reasons for the higher 
values of magnesium during summer months. Lower values during 
the monsoon and post-monsoon months might be due to higher 
sedimentation rate leading to settlement in the bottom and utilization 
by plankton. Values of Chloride ranged from 9.0 (October, 2006) to 
172.0 mg/L (June, 2007) in the water samples of these ponds 
during the study periods. Incoming sewage and rainwater were found 
to be main sources of chloride. Variations in the chloride values may 
also be due to variations in the chloride content of surface run off 
water, evaporation and sedimentation rate. Higher values during the 
summer months were found to be mainly due to more evaporation 
because of increased temperature. 
Carbon, Nitrogen, Phosphorus, Nitrate - nitrogen. Nitrite - nitrogen. 
Ammonia - nitrogen and Silica are the important nutrients required by 
the flora and fauna of the aquatic ecosystem. Concentration of 
nitrogen and phosphorus is responsible for the eutrophication of 
freshwater body (Vollenweider, 1968). Values of P04_P ranged from 
0.389 (January, 2007) to 1.245 mg/L (March, 2007) in the water 
samples of these ponds during the study periods. Higher values of 
phosphorus during the monsoon and post monsoon months or winter 
months might be due to regeneration of phosphorus in these ponds 
whereas higher values during the summer months were found to be 
related with evaporation due to increased temperature which affects 
water level and concentration. Values of NO3-N ranged from 0.085 
during October, 2006 to 1.135 mg/L during June, 2007. Values of 
NO2-N varied from 0.130 (June, 2007) to 0.425 mg/L (July, 2007). It 
showed almost the same trend as followed by NH3-N and NO3-N. 
Higher values of nitrite-nitrogen, in these ponds, were mainly due to 
the action of certain nitrifying bacteria {Nitrosomonas) during 
decomposition of green aquatic organisms including both 
phytoplankton and macrophytes (Nitrification process). Values of NH3-
N ranged from 43.00 (May, 2007) to 115.0 mg/L (September, 2007) in 
the water collected from ponds during the study periods. Generally, 
higher concentrations were recorded during late summer and 
monsoon months and were found to be associated with higher rate of 
decomposition of dead and decayed organisms and the amount of 
sewage enter in these water bodies. Lower values, during winter 
months, might be due to slower bacterial activity at low temperature 
causing inhibition of decomposition activity, and, so, release of 
ammonia - nitrogen is retarded. It might also be due to direct 
utilization of ammonia - nitrogen by phytoplankton during the period. 
Values of Silica ranged from 0.012 mg/L (February, 2007) to 0.182 
mg/L (November, 2006) in the water samples of these ponds during 
the study period. Higher concentration of silicates during post-
monsoon months may be due to incoming drainage and surface run 
off which react upon with CO2 to produce silica. Occurrence of low 
Silica during winter season and some other months of the present 
study was found to be related with their continuous utilization by 
phytoplankton specially diatoms and certain macrophytes present in a 
water body, and also due to less decomposition activity because of low 
water temperature and higher sedimentation rate. Further, higher 
values during summer may be due to release of silica during 
decomposition of organic matter at higher temperature. 
Dissolved oxygen varied from 2.5 (July, 2007) to 9.8 mg/L 
(February, 2007) in the water samples collected from the ponds 
during different times of investigations. Fluctuations in D.O. 
content have been found to be affected by many factors like 
solubility of oxygen in water, intensity of light, loss due to 
chemical and biological oxidation, diffusion and absorption from the 
atmosphere, presence and abundance of green aquatic organisms and 
photosynthesis. The statistical analysis showed a negative 
correlation between Dissolved oxygen and Water temperature in 
MP (r = -0.716), Pond I (r = -0.691) and Pond II (r = -0.710). It 
directly affects the survival and distribution of flora and fauna in 
an ecosystem (Vijay Kumar et al, 1999). Regarding relationship of 
D.O. with temperature, in the present study, an insignificant 
relationship was observed. 
Carbondioxide was found to be absent during the whole period of 
investigations. It might be because of the release of free carbon 
dioxide from the water column due to increase in pH and temperature, 
utilization during photosynthesis and due to conversion of free 
carbondioxide into bicarbonates by reacting with carbonates. 
pH varied from 8.3 (December, 2006, January and August, 2007) to 
maximum 9.5 (May and July, 2007). The wide range of pH is the 
result of disturbances caused by washermen's activity, wind action 
and cattle in these ponds during the study period. When there is 
entry of surface runoff material, it increases turbidity thus reducing 
transparency and hence light intensity. This reduces photosynthetic 
activity and thus reduces pH in some months. 
Values of total Alkalinity varied from 100.0, (July, 2007) to 480.0 
mg/L (January, 2007) in samples collected from the ponds. The 
fluctuations in total alkalinity were mainly due to photosynthetic 
activity of the phytoplankton and other green aquatic plants 
inhabiting the aquatic ecosystem. Higher values, found during the 
winter months, might be due to higher photosynthetic rates, while 
during monsoon and post monsoon months, it may be due to the 
rains and inflow of the water from the surrounding catchment area 
and incoming sewage from the surrounding human settlements. 
Values of Carbonate alkalinity varied from 30.0 mg/L (May, 2007) to 
99.0 mg/L (November and December, 2007). Bicarbonate alkalinity 
varied from 35.0 mg/L (July, 2007) to 400.0 mg/L (January, 2007). 
The increased or decreased bicarbonate contents may be due to 
photosynthetic and respiratory activity of algae and green plants 
respectively. 
Phytoplankton mainly comprise of algae. Variations in seasonal 
occurrence of phytoplankton are seen in all the ponds. A number 
of physical, chemical and biological factors were found involved to 
bring cumulative effect. Total phytoplankton population showed a 
positive correlation with water temperature in Medical Pond (r = 
0.298) and negative in Pond I (r = - 0.147) and Pond II (r = - 0.488), 
with dissolved oxygen, positive in Pond I (r = 0.169) and Pond II (r 
= 0.349) while negative in Medical Pond (r = - 0.381) and with 
zooplankton it was positive in Medical Pond (r = 0.522) and Pond I 
(r = 0.496) while negative in Pond II (r = - 0.531). pH showed 
negative correlation with phytoplankton in MP (r = - 0.089) and Pond 
II (r = - 0.041) and positive in Pond I (r = 0.281). In the present study, 
negative correlation between NO3-N and phytoplankton was found in 
MP (r = - 0.013) and Pond II (r = - 0.198), while positive correlation 
was found in Pond I (r = 0.220). PO4-P with phytoplankton showed 
negative correlation in MP (r = - 0.313) and Pond II (r = - 0.402) and 
positive in Pond I (r = 0.055). Silica showed negative correlation with 
diatoms in Pond I (r = - 0.328) and Pond II (r = - 0.079) and positive in 
MP. (r = 0.410). 
Myxophyceae (Blue-Green algae) formed the third abundant group 
among different phytoplankton groups in all the three ponds. In 
the present investigation, this group was represented by seven genera, 
namely Anacystis, Agmenellum, Nostoc, Anaebena, Tetrapedia, 
Oscillatoria and Spirulina. Myxophyceae population ranged from 50 
(April, 2007) to 128 No./ml (December, 2006) in Medical Pond, 53 
(April, 2007) to 96 No./ml (August, 2007) in Pond I, 37 (January, 
2007) to 77 No./ml (October, 2006) in Pond II. They indicate the 
eutrophic nature of the water body. The periods of myxophycean 
maxima were usually accompanied by the low concentration of 
dissolved oxygen. 
Chlorophyceae (Green algae) was the most dominant among 
different phytoplankton groups in all the three ponds. In the 
present investigation, this group was represented by fifteen genera, 
Oedogonium, Characium, Scenedesmes, Crucigenia, Tetraspora, 
Spirogyra, Protococcus, Ulothrix, Microspora, Ankistrodesmus, 
Pediastnim, Actinastrum, Selenastrum, Tetraedron and Chlorella. 
Chlorophyceae population ranged from 157 (October, 2006) to 228 
No./ml (December, 2006) in Medical Pond, 132 (June, 2007) to 158 
No./ml (January, 2007) in Pond I, 101 (September, 2007) to 160 
No./ml (March, 2007) in Pond II. The maxima of green algae, at 
different water temperatures, have been shown by different 
species. This indicates that the various species which constitute 
the bulk of the chlorophycean flora in these ponds react diversely 
at different temperatures. They showed the eutrophic nature of the 
water body. 
Bacillariophyceae (Diatoms) formed the second abundant group 
in the population density in all the ponds. In the present 
investigation, this group was represented by twelve genera, namely 
Cydotella, Amphora, Diatoma, Navicula, Nitzschia, Synedra, Fragillaria, 
Gyrosigma, Gomphonema, Melosira, Stephanodiscus and Frustulia. 
Bacillariophyceae population ranged from 40 (June, 2007) to 140 
No./ml (September, 2007) in Medical Pond, 64 (October, 2006) to 
113 No./ml (February, 2007) in Pond I, 64 (October, 2006) to 91 
No./ml (February, 2007) in Pond II. 
Euglenophyceae was fourth in abundance. In the present study, 
euglenoids were represented by only two genera, namely Euglena 
and Phacus. Euglenophytes ranged from 16 (November,-2007) to 29 
No./ml (July and August, 2007) in Medical Pond, 7 (November, 
2006) to 27 No./ml (March, 2007) in Pond I, 20 (October, 2006 and 
April and May, 2007) to 38 No./ml (January, 2007) in Pond II. 
They are usually found in abundance in organically rich water 
bodies and can be used as indicator of organic pollution. Presence 
of high nutrients in these waterbodies supports their growth. 
Desmidiaceae (Desmids) was represented by four genera, namely 
Closterium, Cosmarium, Desmidium and Netrium. Desmidiaceae 
population ranged from 20 (January, July and August, 2007) to 50 
No./ml (May, 2007) in Medical Pond, 13 (March, 2007) to 26 
No./ml (October, 2006) in Pond 1, 18 (April, 2006) to 29 No./ml 
(January, 2007) in Pond II. It was fifth abundant group, found 
exclusively in freshwaters. Hutchinson (1975) and Goldman and 
Home (1983) have reported that waters possessing desmids as a 
dominant group were in chemical sense distinct from those which 
are rich in diatoms and blue-green algae. Same was found in the 
present study as they showed negative correlation with diatoms in 
Pond I (r = - 0.333) and Pond II (r = - 0.014). However, a positive 
correlation was found in case of Medical Pond (r = 0.448). These 
waters showed dominance of chlorophyceae and myxophyceae, 
which might be another reason for the low population density of 
desmids. A negative correlation of desmids with green algae was 
seen in Pond II (r = - 0.645) and Medical Pond (r = - 0.225), 
whereas a positive correlation was found in Pond I (r = 0.267). 
With myxophyceae, desmids showed negative correlation in 
Medical Pond (r = - 0.105), and positive in Pond I (r = 0.194) and 
Pond II (r = 0.289). 
Zooplankton - The freshwater zooplankton fauna of these water 
bodies comprised of four major groups, namely Cladocera, 
Copepoda, Rotifera and Ostracoda. They showed wide variations in 
occurrence. Zooplankton population showed positive correlation with 
water temperature in all the three ponds (Medical Pond: r = 0.498, 
Pond I: r = 0.106 and Pond II: r = 0.673). It showed negative 
correlation with dissolved oxygen in all the three ponds (Medical Pond: 
r = - 0.652, Pond I: r = - 0.316 and Pond II: r = - 0.213). Zooplankton 
with pH showed negative correlation in MP (r = - 0.176) and Pond II (r 
= - 0.177) while positive correlation in Pond I (r = 0.062). 
Cladocera formed the most dominant group in the population 
density in Medical Pond and Pond I and second in abundance in 
Pond II. Cladocera is represented by six species, namely Daphnia, 
Diaphanosoma, Ceriodaphnia, Simocephalus, Bosmina and Moina. 
Total percent contribution of cladocerans ranged from 23.3% during 
September, 2007 to 44.4 % in January and May, 2007 in Medical 
Pond, 28.2% during October, 2006 to 48.8% in January, 2007 in Pond 
I and 24.1% during November, 2006 to 48.9% in May, 2007 in Pond II. 
Cladocerans comprised the food of fry, fingerlings and adults of 
many economically important and cultivable fish species. 
Copepoda formed the third dominant group of zooplankton in all 
the three ponds. Copepods were represented by five species, namely 
Cyclops viridis, Mesocyclops hyalinus, M. leuckarti, Diaptomus sp. and 
Cletocamptus sp. Total percent contribution of copepods ranged from 
17.4 % during January, 2007 to 31.7 % in September, 2007 in 
Medical Pond, 15.7 % during May, 2007 to 24.7 % in October, 2006 in 
Pond 1 and 10.6 % during June, 2007 to 24.7 % in September, 2007 
in Pond II. They are generally represented as primary and 
secondary consumers in aquatic food chains and can make organic 
material available to higher trophic levels, thus saving the foraging 
energy to their predators. Seasonal fluctuations were found to be 
mainly due to temperature variations. The occurrence of egg 
bearing females, nauplii and copepodite stages were found 
throughout the period of investigation showing their continuous 
breeding behaviour. 
Rotifera formed the second abundant group of zooplankton in 
Medical Pond and Pond I while it was most dominant in Pond II. In 
the present study, rotifera is represented by ten species, namely 
Brachionus, Keratella, Notholca, Filinia, Polyarthra, Conochilus, 
Hexarthra, Testudinella, Epiphanes and Asplanchna. Total percent 
contribution of rotifers ranged from 26.4% during May, 2007 to 41.6 
% during November, 2006 in Medical Pond, 21.0 % during June, 2007 
to 40.0 % in October, 2006 in Pond I and 31.1 % during July, 2007 to 
52.3 % in November, 2006 in Pond II. They are know^n to be valuable 
bioindicators of water quality (Sladecek, 1983 85 Berzins and 
Pejler, 1989) and form essential food for Indian Major Carps. 
Temperature was not found to be a limiting factor for rotifers. 
Ostracoda group was represented by only one genus, Cypris sp. Its 
percent contribution varied from 0.30 % during February, 2007 to 2.5 
% in October, 2006 in Medical Pond, 0.30 % during January, 2007 to 
5.3 % in June, 2007 in Pond I and 0.40 % during July, 2007 to 1.9 % 
in February, 2007 in Pond II. This species was found least in surface 
waters, might be due to its benthic nature. They are only a minor 
element in the diet of young and adult fish. 
Eggs and Nauplii were found throughout the period of 
investigation showing that zooplankton are prolific and continuous 
breeders. 
Species diversity showed positive correlation with Species evenness 
concerning phytoplankton and zooplankton in all the three ponds in 
the present study. Species diversity showed positive and significant 
correlation with evenness in Medical Pond (r = 0.641), Pond I (r = 
0.712) and Pond II (r = 0.640) in case of phytoplankton. Concerning 
zooplankton the correlation was positive in Pond I (r = 0.410) and 
positive and significant in Medical Pond (r = 0.860) and Pond II (r = 
0.647). 
Correlation between Species Diversity and some physicd - chemical 
parameters were also determined. In case of phytoplankton, species 
diversity showed negative correlation with water temperature in MP (r 
= - 0.285) and Pond II (r = - 0.757) whereas positive in Pond I (r = 
0.031). With pH, correlation was positive in MP (r = 0.494) and Pond II 
(r = 0.385) and negative in Pond I (r = - 0.026) whereas with PO4-P, 
positive correlation was found in MP (r = 0.336) and Pond I (r = 0.178) 
and negative in Pond II (r = - 0.732). With NO3-N, correlation was 
positive in all the three ponds (MP: r = 0.551, Pond I: r = 0.004 85 Pond 
II: r = 0.064) and with NO2-N, positive correlation was found in MP (r = 
0.043) and Pond II (r = 0.120) and negative in Pond I (r = - 0.053). 
With NH3-N, it was negative in MP (r = - 0.644) and Pond I (r = - 0.109) 
and positive in Pond II (r = 0.092). 
In case of zooplankton, species diversity showed negative correlation 
with water temperature in all the three ponds (MP: r = - 0.556, Pond I: 
r = -0.498 & Pond II: r = - 0.022). With pH, negative correlation was 
found in MP (r = - 0.150) and Pond I (r = - 0.044) and positive in Pond 
II (r = 0.310), whereas with PO4-P, positive correlation was found in 
MP (r = 0.262) and Pond I (r = 0.297) and negative in Pond II (r = -
0.230). With NO3-N, correlation was positive in MP (r = 0.350) and 
negative in Pond I (r = - 0.266) and Pond II (r = -0.510) and with NO2-
N, negative correlation was found in MP (r = -0.228), Pond I (r = -
0.241) and Pond II (r = - 0.360). With NH3-N negative correlation was 
found in MP (r = - 0.561), Pond I (r = -0.599) and Pond II (r = - 0.369). 
The term evenness originates from the biological sciences, more 
particular from ecological studies (Magurrun, 1991 and Nijssen et at, 
1998). Magurrun (1991) describes evenness roughly as how equally 
abundant species are. More precisely, evenness is a measure for the 
relative apportionment of abundance among the species present. 
Species evenness increases as species are more evenly distributed in a 
sample such that maximum evenness is obtained when all the species 
are equally abundant (De Jong, 1975). Species evenness (equitalibity) 
is also a parameter which indicates relative awareness of the various 
species in a sample (De Jong, 1975). 
PHYTOPLANKTON 
Species diversity ranged from 3.038 (January, 2007) to 3.280 
(March, 2007) in Medical pond, 3.058 (December, 2006) to 3.275 
(February, 2007) in Pond 1 and 3.118 (May, 2007) to 3.335 (February, 
2007) in Pond II. 
Species dominance ranged from 0.071 (February, 2007) to 0.117 
(October, 2006) in Medical Pond, 0.064 (February, 2007) to 0.112 
(December, 2006) in Pond I and 0.059 (February, 2007) to 0.100 (May, 
2007) in Pond II. 
Species Evenness ranged from 0.873 (April, 2007) to 0.931 
(February, 2007) in Medical Pond, 0.906 (November, 2006) to 0.944 
(February, 2007) in Pond I and 0.926 (May, 2007) to 0.945 (February, 
2007) in Pond II. 
Percentage similarity ranged from 84.37 (August and September, 
2007) to 92.75% (March and April, 2007) in Medical Pond, 91.52 
(November and December, 2006; December and January, 2007 and 
August and September, 2007) to 96.87% (October and November, 
2006) in Pond I and 93.75 (August and September, 2007) to 98.50% 
(October and November, 2006, January and February, 2007 and 
February and March, 2007) in Pond II. 
ZOOPLANKTON 
Species diversity ranged from 2.826 (July, 2007) to 3.107 (November, 
2006) in Medical Pond, 2.913 (August, 2007) to 3.240 (April, 2007) in 
Pond 1 and 2.998 (July, 2007) to 3.172 (February, 2007) in Pond II. 
Species Dominance ranged from 0.096 (November, 2006) to 0.153 
(June, 2007) in Medical Pond, 0.070 (April, 2007) to 0.167 (August, 
2007) in Pond I and 0.077 (April, 2007) to 0.153 (July, 2007) in Pond 
II. 
Species Evenness ranged from 0.863 (August, 2007) to 0.932 (April, 
2007) in Medical Pond, 0.891 (December, 2006 and February, 2007) 
to 0.943 (April, 2007) in Pond I and 0.894 (November, 2006) to 0.942 
(February, 2007) in Pond II. 
Percentage Similarity ranged from 78.57 (December, 2006 and 
January, 2007) to 93.10 % (November and December, 2006) in 
Medical Pond, 82.35 (June and July, 2007) to 93.54 % (January and 
February, 2007) in Pond I and 86.20 (December, 2006 and January, 
2007) to 96.50 % (November and December, 2006 and January and 
February, 2007) in Pond II. 
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INTRODUCTION 
Water is the essence of life on earth and totally dominates the 
chemical composition of all organisms (Wetzel, 1983). The ubiquity of 
water in biota as the fulcrum of biochemical metabolism rests on its 
physical and chemical properties. The present domain of life existing 
on earth has evolved in water (Hosetti, 2002). It is the most abundant 
part of the living and as such performs important role in metabolism. 
It is chiefly a limiting factor among land animals in which the amount 
is subjected to great fluctuations. About 70% of the earth surface is 
covered with water (Wetzel, 1983). Most of the freshwater is frozen as 
polar ice in polar region (Antarctica and Greenland) and is out of 
reach to humanity (Prakash, 2001). The amount of freshwater 
available on the earth today is not more than that was available two 
thousand years ago when the earth's population was less than 3% of 
its current size (Prakash, 2001). According to Odum (1983), 
freshwater habitats occupy relatively a small portion of earth's surface 
but its importance is far greater than their actual area. It has provided 
both food and drink and has been used for recreation, transport, 
energy, cooling, disposal and much more. Hence, the freshwater 
ecosystem is highly useful in human civilization in their day to day 
life. 
Beginning of knowledge concerning freshwater life, arose in the 
remote past possibly before the time of Aristotle (384-322 BC). Forel 
(1892) recognised limnological science as a separate discipline and, by 
his pioneer works, he became the father of modern limnology. The 
term limnology is derived from the Greek word, Limne, meaning pool, 
marsh or lake (Cole, 1983). Limnology can also be defined as a branch 
of science that deals with biological productivity of inland waters and 
with all the causal influences which determine it (Welch, 1952). 
Several workers have made important contributions in the field of 
limnology keeping in view various aspects (Birge and Juday, 1911; 
Atkins, 1923; Mortimer, 1941; Chandler, 1944; 
Sreenivasan, 1964,1972,1974,1976 85 1991; Barclay, 1966; Jin et 
a/., 1995; Conley, 2000; Das, 2000 & 2002; Mavarkar and Hosetti, 
2000; Nandan and Galankar, 2000; Gaur et ah, 2001; Kemp and 
Doods, 2001; Mishra and Tripathi, 2001; Singh et ah, 2001; Kumar 
and Shukla, 2002; Pande and Mishra, 2002; Bhaumik et al, 2003 & 
2005; Dadhich and Sharma, 2003; Singh and Singh, 2003; Mishra et 
al, 2003; Pradeep et al, 2003; Rao et al, 2003; Saha et al, 2003; 
Sultan et al, 2003; Garg and Totawat, 2004; Gupta et al, 2004; 
Sawane et al, 2004; Palaniswami et al, 2006; Ashraf and Mukundan, 
2007; Batheja et al, 2007; Bathusha and Saseetharan, 2007; Deswal 
and Chandna, 2007; Manjappa and Naik, 2007 ; Murugesan et al, 
2007; Padmanabha and Belagali, 2007; Parveen et al, 2007 ; Sarma 
et al, 2007; Raja et al, 2007 Verma and Raja 2007 and Hassan et al, 
2008). 
Diversity is a concept that refers to the range of variation or 
differences among some set of entities. Biological diversity thus refers 
to the variety within the living world. Perhaps, because the living 
world is most widely considered in terms of species, biodiversity is 
very commonly used as a synonym of species diversity in particular of 
species richness. Species may be exterminated by man through a 
series of effects and agencies. These may be divided into two broad 
categories, direct (hunting, collection and persecution) and indirect 
(habitat destruction and modification) (WCMC, 1992). 
Biological diversity as a resource: It is evident that a certain 
level of biological diversity is necessary to provide the material basis of 
human life: at one level to maintain the biosphere as a functioning 
system and at another, to provide the basic material for agriculture 
and other utilitarian needs (WCMC, 1992). 
The term 'Plankton' was given by Victor Hensen in 1887 to 
designate the heterogenous assemblage of very minute organisms and 
finely divided non living matter, which we now call as seston. The term 
plankton is now restricted to minute organisms including both plants 
and animals. These organisms have very little power of locomotion 
and, therefore, they move in the water-body at the mercy of water 
movements. The individual organism in the plankton community is 
called a plankter or planktont. Plant organisms compose 
phytoplankton and animal organisms compose zooplankton. 
The complex plankton community comprises primary producers, 
herbivores, carnivores, detritivores and decomposer organisms. Of 
these, the primary producers are the basis for the planktonic food web 
and for food energy for other aquatic communities. They are the 
photosynthetic algae and cyanobacteria joined occasionally by other 
photosynthetic bacteria. 
Phytoplankton are regarded as chief primary producers of any 
aquatic environment (Vollenweider, 1958; Wetzel, 1975), which fix 
solar energy by the process of photosynthesis assimilating carbon 
dioxide to produce carbohydrates thus serve as an important link 
between the abiotic factors and the biota in an aquatic ecosystem 
(Saha et al, 2000). Phyotoplankton, as a parameter, has greater 
importance from ecological point of view (Kumar and Gupta, 2002). In 
the present study, phytoplankton comprise five major groups, namely 
Myxophyceae (Blue-green algae), Chlorophyceae (Green algae), 
Desmidiaceae (Desmids), Bacillacriophyceae (Diatoms) and 
Englenophyceae (Englenoids). 
Myxophyceae are unicellular, filamentous and colonial forms, 
and most are enclosed in mucilagenous sheaths, either individually or 
in colonies (Wetzel, 1983). They have been given much attention 
because of their relative scarcity and lack of other groups of algae. Its 
presence and abundance indicate the eutrophic nature of the water 
body (Seenayya and Zafar, 1981 and Gaur, 1994). World wide 
consequences of man made eutrophication are a growing problem 
especially in shallow lakes and reservoirs. This is often related to the 
bloom forming cyanobacteria, many of which are able to produce toxic 
substances (Watannabe et al, 1996) or otherwise restrict utilization of 
these waters (Pearl and Ustoch, 1982). 
Chlorophyceae is an extremely large and morphologically diverse 
group of algae, and is almost fresh water in distribution (Wetzel, 
1983). In fresh waters, chlorophyceae constitutes the major group of 
phytoplankton. Gonzalves and Joshi (1946) support the view of 
Griffiths (1923) that higher concentration of dissolved oxygen in water 
is favorable for the development of chlorococcales. Gonzalves and 
Joshi (1946) also supported the view of Rowland (1931) who found 
large number of chlorophyceae when the pH of water was high. 
Euglenoids are unicellular, lack a distinct cell wall and possess 
one, two or three flagella (Wetzel, 1983). They are facultative and 
generally abundant in waters rich in organic matter. The ecological 
distribution of euglenoids has been studied by Rao (1955), Zafar 
(1959), Munawar (1970) and Singh and Swaroop (1979). Algal species 
belonging to this group show higher tolerance to organically polluted 
areas (Palmer, 1969), thus can be used as biological indicator of 
organic pollution. 
Desmids are exclusively freshwater plants and not a single 
species is found in sea (Plaskitt, 1997). They are typically found in 
acid bogs in very dilute waters low in electrolytes and in oligotrophic 
lakes. Hutchinson (1975) and Goldman and Home (1983) have 
reported that waters possessing desmids as a dominant group were in 
chemical sense distinct from those which are rich in diatoms and blue 
green algae. 
Diatoms are preferred food of many aquatic organisms in the 
upper trophic level and thus form the basis of productive fisheries 
(Ryther, 1969). Diatoms constitute the most important group of algae 
even though most species are sessile and associated with littoral 
substrate (Wetzel, 1983). In freshwaters, they are commonly found in 
lakes, ponds, streams, rivers, reservoirs and sedimentation tanks. 
They are usually free floating organisms, forming water blooms or 
sometimes found dwelling in the bottom and are included in the 
benthos. 
Phytoplankton play a pivotal role in regulating the productivity of 
the ecosystem. The role of algae, as a major source of food for fishes, 
their ability to fix atmospheric nitrogen and in determining water 
quality is now well established. Since the burden of production rests 
mainly on phytoplankton the entire biological community depends to 
a large extent on the planktonic plants. In India, numerous 
publications have been appeared concerning aquatic environment and 
ecology of phytoplankton in freshwaters. 
Important contributions include the works of Alikunhi et al. 
(1955), George (1966), Khan and Siddiqui (1974), Rao (1975), Khan et 
al. (1978), Trivedy (1980), Kamat (1981), Zutshi (1981), Singh and Ali 
(1991), Jeegi Bai (1995) Chaturvedi and Habib (1996 & 1997), 
Chaturvedi et a/.(1999), Habib and Chaturvedi (1999), Govindswamy 
et al. (2000), Bhaumik et al. (2003), Murugesan et al. (2003), 
Srivastava and Prakash (2003), Harsha and Malanmanavar (2004), 
Matsuzaki et al. (2004), Angadi et al. (2005), Gupta and Sharma 
(2005), Nandan and Aher (2005), Sen (2005), Srivastava (2005), 
Sushma et al. (2005), Jena et al. (2006), Kamath et al. (2006), Naskar 
et al. (2006), Ansari et al. (2007) and Naskar et al. (2007). 
Some Important recent contributions from outside India are 
those of Carvalho and Kirika (2003), Ferber et al. (2004), Albert et al. 
(2005), Batterbee et al. (2005), Dwivedi et al. (2005), Mc Gowan et al. 
(2005), Sompong et al. (2005) and Elliot and May (2008). 
Zooplankton are microscopic organisms and many of them feed 
on algae and bacteria and, in turn, are fed by numerous invertebrates 
and vertebrates. Zooplankton mediates the transfer of energy from 
lower to higher trophic levels (Waters, 1977). Thus, zooplankton 
represent an important link in aquatic food chain and contribute 
significantly to secondary production in freshwater ecosystem 
(Sharma, 1998). These animals, found in all kind of waterbodies, are 
extremely diverse and are represented by nearly all invertebrate phyla. 
Evaluation of their functional roles within aquatic ecosystem 
requires a balanced understanding between the mode and timing of 
growth and utilization of food. Zooplankton communities respond to a 
wide variety of disturbances including nutrient loading (Mc.Cauley 
and Kalff, 1981; Pace, 1986; Dodson, 1992), acidification (Brett, 1989) 
and sediment input (Cucker, 1997). Zooplankton organisms, 
therefore, in the field of fisheries have an immense place and 
significance (Jhingran, 1991). Zooplankton also play an important role 
as indicator of trophic conditions in both cold temperate and warm 
tropical waters (Gannon and Stemberger, 1978; Sharma, 1998).Truly 
planktonic animals are dominated by three major groups, the Rotifers 
and two subclasses of the class Crustacea, the Cladocera and 
Copepoda. Ostracoda forms a minor group. 
Zooplankton also include protozoans and larval forms of many 
animals. Among protozoans, a number of ciliates and flagellates are 
common to the zooplankton. Ciliates dominate in veiy shallow 
waterbodies in the deeper strata of nearly or completely anaereobic 
hypolimnion. They can move much more rapidly than other 
protozoans and contribute significantly to their greater feeding rates. 
Most of the ciliates are holozoic and feed on bacteria, algae, detritus 
and other protozoans. A few are carnivore and feed on small 
metazoans. These protozoans can serve as functional link in 
freshwater planktonic food chains. They utilize bacteria and very small 
particulate detritus. 
Rotifera is a minor phylum but form a major group of 
zooplankton. They are commonly called as "wheel animalcules" 
because of their characteristics wheel organ or corona that bear close 
resemblance to a pair of revolving wheels (Edmondson, 1959). About 
three quarter of the rotifers are sessile and associated with littoral 
substrates. The rotifers exhibit a very wide range of morphological 
variations and adaptations. The body shape tends to be elongated and 
regions of head, trunk and foot usually are distinguishable. The 
cuticle is thin and flexible but in some rotifers it is thickened and 
more rigid and is termed as Lorica. The anterior end or corona of 
rotifers is ciliated. In some species, the periphery is also ciliated as 
well. The movement of the cilia functions both in locomotion, 
especially among planktonic forms, and in movement of food particles 
towards the mouth. Mouth is variously located but, generally, 
anterior. Most rotifers, both sessile and planktonic, are herbivorous. 
Some are carnivorous too. They form essential food source for 
vertebrate and invertebrate predators. They also serve as valuable 
indicators of trophic conditions of water (Sladecek, 1983). Rotifers 
play an important role as grazers, suspension feeders and predators in 
the zooplankton community. 
The crustaceans are entirely aquatic. Respiration is 
accomplished through the body surface or gills. The body is generally 
separated into three distinct regions, namely head, thorax and 
abdomen but the tendency is towards fusion of abdominal and 
thoracic segments. In cladocera and ostracoda, apparent body 
segmentation is lost. In freshwaters, the truly planktonic crustaceans 
are dominated by the cladocerans and copepods. Only a few insects 
are planktonic during immature or larval stages. Most of the ostracods 
are benthic. A few species of Cypris are apparently partly planktonic 
but very little is known about their ecology. 
The cladocera comprise a group of primitive and usually 
microscopic crustaceans to which the general name of Entomostraca 
was formerly applied (Sharma, 2001). The members of the group are 
also commonly termed as "water fleas" because of their characteristic 
jerky swimming action during locomotion. Cladocerans inhabit 
almost all sorts of freshwater biotopes and frequently occur in the 
littoral, limnetic, benthic, interstitial and ground water environs. All 
have a distinct head and the body is covered by a bivalve cuticular 
carapace. The apparent body segmentation is lost. Cladocerans are 
important components of microfaunal food web and an integral link in 
aquatic food chains in freshwater. Gulati (1978) stated that if the food 
supply is high or increasingly up for stretch of time, cladocera build 
up in high number and biomass to dominate lake zooplankton. 
Copepods are very ancient arthropods and the diminutive relatives of 
crabs and shrimps. In terms of size, diversity and abundance, they are 
often called "water fleas", common with many other small crustaceans 
(Sharma, 2001). Till now, over 10,000 species of copepods are known. 
A vast majority of copepods are separable into three groups, the 
Calanoids, Cyclopoids and Harpacticoids. Accurate identification is 
based largely on the morphological details of appendages. The body 
consists of the anterior metasome, representing antennal and mouth 
parts, and the thorax with six pair of swimming legs.. As to their 
importance, copepods are significant primary and secondary 
consumers in aquatic food chains. Their grazing contributes to the 
transfer of algal primary production to higher trophic levels. The 
calanoid copepods are almost exclusively planktonic and cyclopoid 
copepods are primary littoral benthic species (Sharma, 2001). The 
harpacticoid copepods are almost exclusively littoral inhabiting 
macrovegetation, mosses in particular, and the littoral sediments 
(Sharma, 2001). 
Ostracods are small bivalve crustaceans which are found in both 
freshwater and marine environments. They are all free living with the 
exception of some commensal forms. They have received much less 
attention than the cladocerans and copepods (Pennak, 1978). They 
inhabit a wide variety of environments and found almost every where 
in all types of freshwaters, like lakes, ponds, swamps, cave water and 
even heavily polluted areas etc. 
Important contributions on zooplankton studies are those of 
Pennak (1978), Stenson (1982), Dumont and Pensart (1983), Greshon 
(1983), Gunter (1983), Malone and Mc Queen (1983), Pejler (1983), 
Shiel and Koste (1983), Sladecek (1983), Evans (1984), Fernando and 
Kanduru (1984), Stevenson (1984), Murtaugh (1985), Outridge (1987), 
Sharma and Micheal (1987), Berzins and Pejler (1989), Kellar et al. 
(1993), Sharma (1991, 1998, 2001, 2001 a & 2001 b), Sharma and 
Pudani (1992), Sharma and Wanswett (1999), Sharma and Sharma 
(1999), Hosmani (2002), Sharma and Lyngdoh (2003), Sharma and 
Lyngskor (2003), Sharma (2003), Francis et al. (2003), Pluiraite 
(2003), Murugesan et al. (2003), Singh and Das (2003 a), Jeelani et al. 
(2004), Mishra (2004), Saranan (2005), Brucet et al. (2006), Rao et 
a/.(2006), Mukhopadhyay et al. (2007), Ansari and Raja (2007), Ansari 
et al. (2007 a) and Pradhan et al. (2007). 
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1) METHODOLOGY 
Air and water temperatures were recorded with the help of mercury 
thermometer graduated up to 100°C. 
Transparency was determined by using standard Secchi disc method 
(Welch, 1948). Secchi disc, having diameter of 20 cm and divided into 
black and white quadrants at surface, is lowered into the water body. 
The average of the two depth readings at which Secchi disc 
disappeared and reappeared was noted as transparency. 
pH of water was determined at the sites by using a portable electronic 
digital pH meter. 
Dissolved Oxygen (D.O.) analysis was performed at the sites by 
Winkler's modified technique (APHA, 1998). 
Free Carbondioxide (CO2) was determined by titrating 100ml of water 
with 0.025N NaOH using Phenolphthalein as an indicator. 
Alkalinity was estimated by titrating 100 ml water sample with 0.02N 
sulphuric acid using Phenolphthalein and Methyl orange as 
indicators (Theroux et al, 1943). 
Hardness of water was estimated by titrating the water samples with 
0.0 IM EDTA solution using Murexide as indicator (Trivedy and Goel, 
1984). 
The amount of Calcium and Magnesium present in water was 
estimated by titrimetric methods as given by Trivedy and Goel (1984). 
Chloride was estimated by titrating the sample of water with 0.25N 
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Silver Nitrate solution using 5% Potassium Chromate solution as 
indicator (APHA, 1998). 
For TDS analysis, 100 ml water sample was taken. The residue left 
after the evaporation of 100 ml sample of unfiltered water was taken 
as the amount of total solids (TS) present. The residue left after the 
evaporation of 100 ml sample from filtered water was taken as the 
amount of the total dissolved solids (TDS) present. The difference 
between these two values was taken as the amount of total suspended 
solids (TSS) present. (TSS = TS - TDS). The results were expressed in 
mg/L. 
Inorganic Phosphorus (PO4-P) was estimated by ammonium 
molybdate-blue method using Stannous Chloride (SnCb) as indicator 
(Barnes, 1959). 
Nitrate-nitrogen (NO3-N) was determined following the 
Phenol-disulfonic acid method (Trivedy and Goel, 1984). 
Nitrite-nitrogen (NO2-N) was estimated following the method given 
by Trivedy and Goel (1984). 
Ammonia-nitrogen (NH3-N) was estimated by the Nesselerisation 
method as given in Barnes (1959). 
Silica content of the water was estimated by the silicomolybdic acid 
(Ammonium Molybdate - yellow) method (Barnes, 1959). 
Phytoplankton analysis 
Samples were collected from each water body fortnightly. To 
each 500 ml sample, 5 ml of Lugol's Iodine solution (Edmondson, 
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1959) was added. After keeping it for 24 hours, the supernatant was 
discarded and 20 ml concentrate was obtained. Qualitative and 
Quantitative analyses were done using an inverted microscope. 
For making qualitative analyses information, given by 
Edmondson (1959) and Needham and Needham (1962) were utilized. 
For making quantitative analysis, counting were made by putting one 
drop of concentrate on a slide and observing the content under 
inverted microscope. Results were expressed in No./ml. 
Zooplankton analysis 
Samples were collected from each water body fortnightly. 100 
litres of water was filtered by passing water through plankton net 
made up of bolting silk cloth having mesh size of 25 micrometer. 
Samples were then washed into wide mouth bottles and were 
preserved by adding 5% formaldehyde solution. Further analysis was 
done by putting 1 ml of the fixed sample on a Sedgewick - Rafter cell 
and studying it under an inverted microscope. For qualitative 
analysis, the information given in Edmondson (1959), Needham and 
Needham (1962), Pennak (1978) and Tonapi (1980) were utilized. 
Identification was done upto species level, where ever possible. 
Results were expressed in No./L. 
Species Diversity was determined following Shannon Index (Ludwig 
85 Reynolds, 1988) using the formula: 
H = - (X pi In pi); where 
pi = n/N 
n= no. of individual species, 
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N= Total density of all organisms. 
Species Dominance was calculated using Berger-Parker Index 
(Berger and Parker, 1970) using the formula: 
d=N max/N; where 
N max=Density of most abundant Species, and 
N=Total density of all organisms. 
Evenness was calculated using formula given by Pielou (1975): 
E'= H/Ln S; where 
H =Species Diversity, 
S = no. of Species present in a Collection. 
Percentage Similarity was determined using Sorenson's Index 
(Sorenson, 1948): 
CS = 2C/a+b X 100; where 
C = species common in two samples. 
a = no. of species in one collection. 
b = no. of species in next collection. 
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2) DESCRIPTION OF STUDY AREAS 
Aligarh is richly supplied with freshwater bodies which support 
an extensive and regular fisheries of various kinds. It is surrounded 
by two river systems, Ganga and Jamuna with their many tributaries. 
In the present investigvation, three waterbodies were selected to 
study their limnology and plankton diversity, namely Medical Pond 
(MP), Wildlife Pond I (Pond 1) and Wildlife Pond II (Pond II). These 
waterbodies are man made and are the result of soil digging 
operations used for house and road construction. These water bodies 
are also used as drainage basins into which the surface runoff water 
and sewage from the surrounding catchments area enter. 
Medical Pond lies in the north of the University Campus. It is 3 
Km away from the main Campus. It is a perennial pond receiving 
surface runoff and sewage from the surrounding areas. It is used by 
the washermen, and, as a result, heavy input of detergent is found. 
The shoreline is almost rectangular. It is the largest of three ponds 
and is also used by catties for drinking and bathing purposes. Area 
varied from 0.05 - 0.07 hactares during different seasons of the year. 
Both Pond I and Pond II, are located on Qila Road near Wildlife 
Department. They are located on the north of University Campus and 
are also 3 Km from the University Campus. Both are seasonal ponds 
and have irregular shoreline. Main water supply is rain water and 
surface runoff from surrounding areas. Both the water bodies are 
located on roadside near the town. They occasionally get connected 
with each other during rainy season otherwise remain separated. Both 
the ponds are used for bathing and drinking by catties and other 
livestock. These water bodies are also utilized for dumping wastes as 
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well as for bathing and washing. Area of these two ponds varied from 
0.03 - 0.05 hactares during different seasons of the year. 
All these ponds are used for bathing and washing purposes that 
bring physico-chemical and biological changes regularly in its flora 
and fauna. Irregular and long shoreline is the characteristic feature of 
these ponds. This triggers the productivity of the water bodies by 
increasing the opportunity of close ecosystem and superimposition of 
photosynthetic zone upon decomposition zone (Welch, 1952). These 
ponds contain dead planktonic organisms, organic and inorganic 
nutrients, wind blown materials and other suspended and dissolved 
materials. Bottom is muddy and composed of soil ranging from clay 
and silt to sand and gravel. They have suspended filamentous algae as 
well as blooms of certain algal species on the surface- in different 
seasons. The water is turbid with luxuriant growth of plankton at 
different times in different seasons. These derelict water habitats need 
to be developed for fish culture practices. Depth, during different 
seasons, of these ponds vary between 1-2 mts. 
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1) PHYSICAL LIMNOLOGY 
a) CLIMATOLOGY OF ALIGARH REGION 
The North Indian wetlands represent a typical monsoon t3^pe of 
tropical climate. Aligarh, a district in Western Uttar Pradesh in North 
India, is characterised by seasonal rhythm marked by the north - east 
and south - west monsoons. It is located at latitude 27°54'N and 
longitude 78°4'E. The year can be broadly divided into the following 
four seasons: 
1. Winter Season (December to February). 
2. Summer Season (March to June). 
3. Monsoon Season (July to September). 
4. Post Monsoon Season (October to November). 
Winter season is marked with a gradual fall in temperature. Days 
here are warm and nights are cold (as low as 1.0 °C at midnight). It is 
mostly rainless during the winter season. The days are generally 
cloudy with occasional rains. 
Summer season is characterised by gradual rise in temperature with 
absence of cloudy days and bright sunshine. Temperature gradually 
increases during May - June. Hot dry winds are a regular feature. 
These winds are locally called as loo. The occurrence of dust and 
thunderstorms caused by convection currents is a peculiar 
phenomenon of the hot weather season. There is no rains during the 
summer months except for the small amount accompanied by the 
thunderstorms. The wind produced waves and currents result in 
convective overturns (Lafoud, 1962) and, as a result, the bottom 
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water, richer in nutrients rises and mixes with the surface water. This 
mixing brings in the essential nutrients into trophogenic zone. 
Summer season is followed by Monsoon season. During this season, 
rains begin in mid July and last till the end of September. There is 
gradual fall in temperature with cloudy days, shortening of 
photoperiods and high relative humidity. The months of July and 
August generally have steady rains. 
Post - monsoon season is characterised by a further fall in diurnal 
and nocturnal temperatures and a gradual decrease in photoperiods 
and relative humidity. During this season the day temperature 
increases and the night temperature falls. Cold, dry and hot wind 
action brings about changes in the air temperature thereby affecting 
the water temperature which in turn affect the flora and fauna of the 
water body. 
b) PHYSICAL PARAMETERS 
i) TEMPERATURE 
Temperature regulates various physico-chemical as well as 
biological activities (Kumar et ah, 1996). Changes in temperature 
govern biological processes like growth, development, reproduction 
and other life processes of the biota (Wetzel, 1983). Temperature has 
a profound effect on physiological behaviour of aquatic ecosystem and 
on metabolism of aquatic animals. The temperature of natural water 
system is governed by many factors. It depends mainly on the depth of 
water body, climate and topography. Solar radiation has an impact on 
the surrounding temperature. Temperature of water is always 
recorded less than air temperature. Rates of chemical and biological 
reactions become double for every 10°C increase in temperature (Boyd 
and Pillai, 1984). Battish and Kumari (1986) have correlated water 
temperature variations with zooplankton population densities, while 
Ohyma et al. (1988) correlated temperature and chlorophyll contents 
in lakes. Cold, dry and hot wind waves bring variations in air 
temperature during different seasons (Moss, 1969). Climatology of the 
region particularly solar radiation and photoperiods govern the 
ambient air temperature over the water bodies which in turn influence 
the temperature of water body. 
A great work has been done on the thermal properties of 
freshwater ecosystems. Some important contributions from India and 
abroad are those of Singh (1960), Reid (1961), Gorham (1964), 
Johnson (1965), Zafar (1966), Hutchinson (1967), Munawar and Zafar 
(1967), Anderson (1968), Schindler (1971), Larson (1972), Rangarajan 
and Marichany (1972), Gachter et al. (1974), Vasisht and Sharma 
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(1975), Bohra et at (1978), Singh and Swamp (1979), Ayyappan and 
Gupta (1981), Chaurasia and Adoni (1985), Ramanibai and 
Ravichandran (1987), Ghosh and George (1989), Kaushik et al (1989), 
Fasihuddin and Kumari (1990), Kant and Raina (1990), Vijaykumar 
(1992, 1996), Yurista (2000), Zhou et al. (2000), Lee et al. (2003), 
Weisse (2003), Loboriussen et al.{2005), Vandekerkhoul et al.{2005), 
Devreker et a/.(2006), Heide et al. (2006) and Elliot and May (2008). 
Thermal regime of these wetlands appears to be related to the 
morphometry. As they are shallow, fluctuations in temperature is 
regulated by relative humidity, solar radiation, photoperiods and 
cloud cover etc. However, the assessments of all meteorological 
parameters have affected the atmospheric temperature, which is 
essential in determining the energy budget of a water body. Complete 
mixing of water is regulated by the thermal changes, along with the 
wind action, which agitate the water and the heat is transported 
quickly to various depths in these shallow wetlands. In all the three 
ponds, under study, homogeneity of temperature at different levels 
was observed and no thermal stratification was noted. It has been 
reported by Anderson (1964) that surface area and volume of the 
water body are the two extremely important parameters to assess 
fluctuations in water temperature. The pattern of seasonal 
fluctuations in air and water temperatures largely agrees with the 
changes in solar radiation and photoperiods during different seasons. 
In the present study, it was found that surface water temperature of 
all the three water bodies follow the changes in air temperature. 
Generally, the winter is usually cold, summer is quite hot and the 
months of March, April, October and November are found to be 
moderate. Addition or loss of heat leads to temperature changes in the 
water bodies (Wetzel, 1983). Maximum 3.5°C difference was recorded 
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between air and water temperature. The air temperature over these 
ponds varied between 20oC to 36°C while water temperature ranged 
from I6.50C to 350c. 
In Medical Pond, air temperature ranged from 20 (January, 2007) 
to 350C (July, 2007) and water temperature from 17 (February, 2007) 
to 340C (July, 2007). In Pond I, air temperature varied from 
21 (December, 2006 & January, 2007) to 36oC (July, 2007) whereas 
water temperature from 18 (January, 2007) to SS^C (July, 2007). In 
Pond II, air temperature ranged from 20 (December, 2006 & January, 
2007) to 340C (July, 2007) and water from 16.5 (January, 2007) to 
33°C (July, 2007). Monthly variations in air and water temperatures of 
all the three ponds are given in Table 1. The statistical analysis 
showed a very significant positive correlation between surface water 
temperature and air temperature (MP, r = 0.993; Pond I, r = 0.984; 
Pond II, r = 0.988) (Table 10) (Fig.l). Haque (1991) and several others 
have found similar correlation between these two variables. 
i i ) LIGHT CONDITIONS 
Radiant energy is transferred into Potential energy by 
biochemical reactions during photosynthesis in aquatic plants and 
thus controls the productivity of the water body. Various metabolic 
activities of flora and fauna are also controlled by light. Some physico-
chemical properties are responsible for the amount of light energy 
absorbed by water, such as intensity of light at surface, differences in 
latitude, molecular structure of water suspended Particles and 
dissolved inorganic and organic compounds (Wetzel and Likens, 
1979). Solar radiation is of fundamental importance to the entire 
dynamics of fresh water ecosystems. Almost all energy that controls 
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the metabolism of a lake is derived directly from the solar energy 
utilized in photosynthesis, either autocthonously or allocthonously. 
The absorption of solar energy and its dissipation as heat have 
profound effects on the thermal structure, v^^ ater mass stratification 
and circulation patterns of lakes. Light intensity have effects on 
nutrient cycling, distribution of dissolved gases and biota and 
behavioral adaptations of organisms. Therefore, light intensity of 
aquatic ecosystem is an important regulatory parameter in the 
physiology and behaviour of aquatic organisms. For example, Daphnia 
migrates diurnally (Cole, 1983) from deep to surface waters, and is 
adapted for life in changing photic environment and uses light as a 
clue in body orientation while swimming. The amount of light energy 
received is a function of angular height of the sun incident to the 
earth and is greatly influenced by latitude and season. The Secchi disc 
transparency is essentially a function of the reflection of light from its 
surface and is, therefore, influenced by the absorption by water and 
dissolved and particulate matter (Wetzel, 1983). 
Vast literature exists on light conditions and transparency of 
aquatic ecosystems. Atkins (1932), Chandler (1944), Strickland 
(1958), Stephens and Strickland (1962), Tailing (1965), Tandon and 
Singh (1972), Hutchinson (1975), Longcore and Rich (2004), Diehl et 
al. (2005), Lin (2005) and Berger et al. (2006) have given useful 
account on the principles of light absorption in different water bodies 
and its effect on aquatic organisms. 
Transparency value ranged from 8.0 (December, 2006) to 30.5 
cm (October, 2006) in Medical pond. In Pond 1 it ranged from 8.5 
(December, 2006 and May, 2007) to 30.5 cm (October, 2006) and in 
Pond 11 from 7.5 (December, 2006) to 14.5 cm (October, 2006). Higher 
values during the post monsoon months were recorded in all the 
ponds which might be due to the settlement of the incoming colloidal 
matter, silt and clay which entered during the monsoon season. Low 
transparency values were found during winter and some summer 
months. In summer, it was mainly because of the evaporation of water 
due to which concentration of dissolved solids enhanced at increasing 
temperature. Low values during September, 2007 in Pond II may be 
due to production of turbidity during monsoon season which is 
caused by the introduction of colloidal matter, silt and clay into the 
water body along with the rain water coming from the surrounding 
catchment area, whereas in winters it might be due to low light 
intensity caused by of cloudy weather and occasional rains. 
The measurement of turbidity is taken as percent transmission. 
It varied from 22 (December, 2006) to S0% during October, 2006 in 
Medical Pond. In Pond I and Pond II it ranged from 21 (May, 2007) to 
36% (January, 2007) and from 18 (December, 2006) to 38% (October, 
2006), respectively. Monthly variations in the values of transparency 
and turbidity of all the three ponds are given in Table 1. Higher 
turbidity was found during monsoon and post-monsoon months as it 
is inevitable due to the suspended inorganic materials (Kaushik and 
Saksena, 1999), plant fibres, biological wastes (dead and decayed 
leaves) and algal cells which constitute the suspended solids. The 
pond basin consists of clay, silt and other soil constituents. Other 
organic and inorganic suspended materials are also added due to 
human activities. As a result, high turbidity values were found with 
low transparency values. The statistical analysis showed a significant 
positive correlation between transparency and turbidity in MP (r = 
0.993) and Pond 11 (r = 0.979) and negative correlation in Pond 1 (r = -
0.124) (Table 10, Fig. 3). 
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Water was found to be turbid during summer and monsoon. It may be 
due to incoming silt and clay along with the surface run off from the 
surrounding areas and occasional rain. During winter and post winter 
months, it was due to the presence of organic and inorganic 
substances added by the washermen's activity. 
2) CHEMICAL LIMNOLOGY 
a) SOLIDS PRESENT IN THE ECOSYSTEM 
i) TOTAL SOLIDS 
Total solids (TS) are the sum of total dissolved solids (TDS) 
and total suspended solids (TSS). Total solids include both inorganic 
and organic substances containing dissolved and suspended particles 
like silt, clay and plankton etc. Higher amounts of total solids cause 
turbidity affecting photosynthetic rate and water quality. 
Values of total solids ranged from 1350.0 (October, 2006) to 
1870.0 mg/L (June, 2007) in Medical Pond. In Pond 1 and Pond II, the 
values varied from 655.0 (June, 2007) to 1045.0 mg/L (August, 2007) 
and 698.0 (May, 2007) to 1180.0 mg/L (November, 2006) respectively. 
Monthly variations in the value of Total solids of all the three ponds 
are given in Table 2. The statistical analysis showed a negative 
correlation between Total solids and turbidity in MP (r = -0.285) and 
positive in Pond I (r = 0.391) and Pond II (r = 0.301) (Table 10) (Fig. 4). 
In Medical Pond, higher values were found during summer and 
monsoon months while lower values were recorded during post 
monsoon and winter seasons. In Ponds I and II, higher values were 
recorded during winter and summer months. 
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Higher values of total solids during monsoon months may be due 
to increased turbidity caused by incoming soil particles along with the 
surface run off (rain water) from the surrounding catchment area. Low 
values were found due to sedimentation. 
ii) TOTAL DISSOLVED SOLIDS 
Total Dissolved Solids in water mainly comprise of inorganic 
salts and organic matter. Generally, carbonates, bicarbonates, 
chlorides, sulphates, nitrates, sodium, potassium, calcium and 
magnesium etc. contribute to total dissolved solids (T.D.S). These 
come from natural sources and depend upon location, geological 
nature of the pond basin, drainage, rainfall and inflow water. TDS has 
been proved as a very useful parameter in determining the 
productivity of inland waters (Welch, 1952 and Hutchinson, 1975). 
Lowest value of TDS was 700.0 mg/L (October, 2006) and 
highest was found to be 1180.0 (June, 2007), in Medical Pond. In 
Pond I and Pond II, the values ranged from 280.0 mg/L (June, 2007) 
to 578.0 mg/L (January, 2007) and 188.0 mg/L (May, 2007) to 390.0 
mg/L (September, 2007), respectively. Monthly variations in the 
values of TDS of all the three ponds are given in Table 2. The 
statistical analysis showed a negative correlation between TDS and 
Turbidity in MP (r = -0.670) and positive in Pond I (r = 0.396) and 
Pond II (r = 0.397) (Table 10) (Fig. 6). 
Concentration of TDS is effected by the rapid inflow of surface 
water from the surrounding catchment area which brings dissolved 
solids, area of drainage, rainfall, wind and biota causing change in 
ionic composition. 
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Higher values were found during summer, monsoon and post 
monsoon montlis and low during winter months. Higher values, 
during summer months, might be due to increased decomposition rate 
and release of nutrients from the sediments and increased 
concentration due to increase in temperature. High TDS might be due 
to mixing of sewage and surface run off water during monsoon season. 
Similar findings have been reported by Kaushik and Saksena (1999). 
iii) TOTAL SUSPENDED SOLIDS 
Total suspended solids (TSS) in water bodies are contributed 
by particles of different sizes ranging from coarse to fine colloidal 
particles of various organic complex and plankton. It includes the 
substances, which impart turbidity to water and causes reduction in 
transparency. TSS in these wetlands consists of inorganic solids such 
as clay, silt and other soil constituents common in these wetlands. 
Among organic materials such as plant fibers and biological solids, 
algal cells etc. are common constituents. 
High values of TSS were found during summer and monsoon 
months and low during winter in case of Medical Pond. In Pond 1 and 
Pond II, higher values were found during monsoon and post monsoon 
months and low in winter months. 
Values in Medical Pond ranged from 465.0 (April, 2007) to 835.0 
mg/L (August, 2007). In Pond I and Pond II, it ranged from 375.0 
(June, 2007) to 557.0 mg/L (August, 2007) and 440.0 (January, 2007) 
to 860.0 mg/L (March, 2007), respectively. Monthly variations in the 
value of TSS of all the three ponds are given in Table 2. The statistical 
analysis showed a positive correlation between TSS and Turbidity in 
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MP (r = 0.298), Pond I (r = 0.314) and Pond II (r = 0.075) (Table 10) 
(Fig. 5). 
Comparatively higher values during summer might be due to the 
concentration of water due to higher evaporation rate caused by 
increased temperature, while during monsoon and post monsoon 
months, higher values were found to be due to incoming silt along 
with the surface run off (rainwater) and the use of these waters in the 
form of dumping area of domestic wastes. This increase may also be 
due to the washermen's activities (use of chemicals, stains and 
coloring substances). Higher values were also reported by Verma and 
Shukla (1970) during summer months. Cattle and livestock bathing 
during high temperature in summer months also leads to disturbance 
in bottom sediments that in turn results in the concentration of 
suspended matter in water column showing higher values during 
summer months. 
b) IONIC COMPOSITION IN PONDS 
Water is made up of anions and cations. These can be both 
organic and inorganic. Anions can be in the form of carbonates, 
bicarbonates, silicates, phosphates, nitrates etc. and cations like 
calcium magnesium, sodium, potassium etc. Inorganic Carbon, 
Calcium and Sulphate are dynamic and their concentration is strongly 
influenced by microbial metabolism (Wetzel, 1983). The changes in 
their values are of unpredictable nature, seem to be due to the 
disturbances caused by surface run off, domestic wastes and 
washermen-s activity to which these waterbodies are exposed. These 
changes are noticed much more quickly in the small waterbodies as 
compared to bigger ones which may take longer time to undergo such 
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changes. They play an important role in the life of flora and fauna of 
an aquatic ecosystem. Vast literature exists on ionic composition of 
temperate waters like those of Birge and Juday (1911), Ohle (1935), 
Lohammer (1938), Davis (1962) and Harris (1967), while in tropical 
waters. Khan and Qayyum (1966 a). Khan and Siddiqui (1974), Khan 
et al. (1978), Ali and Khan (1979), Unni (1982), Hedge (1985) Kaushik 
et al. (1990), Haque (1991), Shastree et al. (1991), Kumar (1995 & 
2002) and Khan et al. (1999 & 2002) have studied in detail the ionic 
composition of fish ponds. 
Hardness is an assessment of the quality of water. It is governed 
by the content of calcium and magnesium salts, largely combined with 
carbonates and bicarbonates (temporary hardness) and with 
sulphates and chlorides (permanent hardness). Munawar (1970 & 
1972) gave a detailed account of ionic composition in three ponds in 
Hyderabad. According to Northcote and Larkin (1956), ionic 
composition of any waterbody is regarded as an important index of 
productivity. In MP, hardness varied from 210.0 (September, 2007) to 
335.0 mg/L (June, 2007). In Pond I and II, values ranged from 58.0 
(September, 2007) to 125.0 mg/L (May, 2007) and 32.0 (September, 
2007) to 120.0 mg/L (May, 2007) respectively. Monthly variations in 
the values of hardness, of all the three ponds, are given in Table 5. 
Chakrabarty et al. (1959), Munawar (1972), Mathew (1975), Ali and 
Khan (1979), Unni (1982), Hedge (1985) Kaushik et al.(1990), Haque 
(1991), Shastree et al. (1991), Kumar (1995 & 2002) and Khan et al. 
(1999 & 2002) have contributed important information on ionic 
composition of freshwater ecosystem. 
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Calcium 
Calcium is abundantly found in freshwaters. According to 
Goldman (1965), calcium serves as an important micronutrient for 
aquatic organisms (green algae) and macronutrient for blue - green 
algae. Lack of this element may play a significant role in decreasing 
the rate at which organic substances are mineralized. Calcium is 
found in the form of calcium carbonate and calcium bicarbonate 
(Welch, 1952). Calcium, in Indian freshwaters, fluctuated between 
11.2 to 390.67 mg/L (Kaushik and Saksena, 1999). Ohle (1938) 
classified the natural waters into the following types based on the 
calcium content. 
Waters having Ca > 10 mg/L - Poor. 
Waters having Ca 10 mg/L - 25 mg/L - Medium. 
Waters having Ca > 25 mg/L - Rich. 
According to above, classification, the present wetlands fall under the 
category of calcium rich waters. 
According to Chacko and Ganapati (1949), minimum of 650 
mg/L of calcium is essential for production in water bodies. The main 
source of calcium in these ponds appear to be of terrestrial origin 
being derived by weathering of calcareous materials and domestic 
effluents entering into the ponds. Calcium is found in combination 
with carbonates, chloride, silicate and sulphate. The formation of 
calcium carbonate depends on the loss of CO2 from the pond. 
In MP values varied from 38.0 (December, 2006) to 113.0 mg/L 
(June, 2007). In Pond I and II, values ranged from 16.6 (September, 
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2007) to 49.0 mg/L (November, 2006) and 14.6 (September, 2007) to 
41.0 mg/L (November, 2006) respectively. Monthly variations in the 
values of calcium of all the three ponds are given in Table 5. 
Values of calcium were higher in summer months, lower in 
monsoon months and moderate during winter months. Increased 
levels of calcium during the summer season in these water bodies 
might be due to evaporation of water and decomposition of dead 
aquatic plants and animals. Haque (1991) and Kaushik and Saksena 
(1999) have reported high calcium content during summer months. 
Comparitively higher values of calcium in Medical Pond (MP) were due 
to input of sewage from the surrounding colony. 
In monsoon months, lower values were due to the dilution of 
water. Similar findings have also been reported by Ramanibai and 
Ravichandran (1987) and Kant and Raina (1990). Moderate values 
during the winter months (Table 5) were probably due to utilization by 
plankton organisms and sedimentation, as also reported by Zutshi 
and Vass (1978). 
Magnesium 
Magnesium constitutes magnesium porphyrin component of 
chlorophyll molecule. It is required as a micronutrient in enzymatic 
transformation especially in transphosphorylation of algae, fungi and 
bacteria (Wetzel, 1983). Sources of magnesium are surface runoff, 
decomposition of protein and excreta of aquatic animals and is 
utilized by autotrophs from where it is transferred to higher trophic 
levels. According to Kumar and Gupta (2002), decomposition process 
of plants and animals return magnesium to the ecosystem to be used 
again. It is found in fresh water as magnesium carbonate, magnesium 
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bicarbonate and magnesium sulphate. The range of magnesium in 
Indian waters was found to vary between 2.45 to ,107.0 mg/L 
(Khatvakar et al, 1990 and Kaushik and Saksena, 1999). Khan and 
Siddiqui (1974) have observed magnesium content ranging from 9.9 to 
24.6 mg/L with minimum in November and maximum in February in 
a fish pond at Aligarh. 
Values of magnesium ranged from 7.0 (November, 2006) to 31.0 
mg/L (May, 2007) in MP and from 1.4 (September, 2007) to 14.3 mg/L 
(June, 2007) and 2.4 (September, 2007) to 20.0 mg/L (March, 2007) 
in Pond I and Pond II respectively. Monthly variations in the value of 
magnesium of all the three ponds are given in Table 5. 
Higher rate of decomposition of organic matter and evaporation of 
water are the probable reasons for the higher values of magnesium 
during summer months. Lower values during the monsoon and post-
monsoon months might be due to higher sedimentation rate leading to 
settlement in the bottom and utilization by plankton. Haque (1991) 
and Shastree et al. (1991) have reported higher concentration during 
summer and lower during winter months. Lower values of magnesium 
during monsoon months in these ponds can be related to dilution of 
pond with rainwater. Kaushik and Saksena (1999) observed lower 
values in few months and related it to its utilization by phytoplankton 
and macrophytes whereas higher values during summer months were 
found to be due to its release during the decomposition of organic 
matter (Table 5). 
Chloride 
It is one of the dominant anions found in freshwater ecosystems in 
combination with calcium, sodium and potassium. Large content of 
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chloride in freshwaters is an indication of organic pollution (Ganapati, 
1960). According to Hynes (1960), increased value of chloride is an 
indication of eutrophication whereas Chaurasia and Adoni (1985) 
regarded it as an indication of pollution due to sewage. It was found to 
be distributed in all the three ponds (Table 5). According to Dayanand 
et al. (2002), chloride, around 20.0 mg/L, is considered favourable for 
freshwater community. According to Wetzel (1983), chloride influences 
osmotic salinity and exchange. According to Hynes (1960), increased 
chloride is an indication of eutrophy caused by organic pollution. 
Human and animal excreta contain chloride ions (Cole, 1983). 
Subsurface seepage from septic tanks introduces soluble chloride 
salts to nearby lakes. Volcanic gases contribute chloride to the air, 
accounting for some atmospheric acidity which forms the solution and 
returns to earth with the rain (Cole, 1983). 
Vast literature exists on chloride concentration of freshwater 
bodies. Like that of Klein, 1957; Sarkar and Rai, 1964; 
Venkateshwarlu, 1959; Verma and Shukla, 1970; Puttaiah and 
Somashekhar, 1987; Sunder, 1988; Rao and Durve, 1989; Tresh et 
al, 1994; Kumar, 1995; Kumar and Singh, 1999; and Kumar and 
Gupta, 2002. 
Values of chloride ranged from 105.0 (November, 2006) to 172.0 
mg/L (June, 2007) in MP and from 17.0 (October, 2006) to 78.0 mg/L 
(May, 2007) and 9.0 (October, 2006) to 28.0 mg/L (June, 2007) in 
Pond I and Pond II respectively. Monthly variations in the values of 
chloride of all the three ponds are given in Table 5. 
Incoming sewage and rainwater are the main sources of chloride. 
Variations in the chloride values may also be due to variations in the 
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chloride content of surface run off water, evaporation and 
sedimentation rate. Higher values during the summer months were 
found to be mainly due to more evaporation because of increased 
temperature. Haque (1991) has reported the same findings from a 
polluted water body at Aligarh. Kumar and Gupta (2002) have 
reported higher chloride content during summer months and 
attributed it to surface runoff loaded with contaminated water from 
the surrounding settlement and high rate of evaporation. Lower values 
during winter months in Pond I can be attributed to sedimentation 
and human disturbances (Kant and Raina, 1990). Seasonal variations 
were mainly due to addition or loss of relative amount of chloride 
coming with sewage and rainwater. It may also be due to variations in 
the concentration of chloride in the surface run-off water introduced 
in to the pond, sedimentation and evaporation rate during different 
periods. 
c) DISSOLVED NUTRIENTS IN PONDS 
Dissolved substances in water play a very important role in the 
metabolism of aquatic organisms. Some of them are of immense value 
as macro and micro - nutrients. Distribution of these nutrients are 
not uniform as they undergo cyclic changes during which there are 
periods of delay between the available mineralized state and 
unavoidable bond state (Kemp and Dodds, 2001). 
Carbon, Nitrogen, Phosphorus, Nitrate - nitrogen, Nitrite -
nitrogen, Ammonia - nitrogen and Silica are the important nutrients 
required by the flora and fauna of the aquatic ecosystem. 
Concentration of nitrogen and phosphorus is responsible for the 
eutrophication of freshwater bodies (Vollenweider, 1958). 
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The ponds under study receive their nutrient supply from outside 
source (allogenic) and from the water body itself (autogenic). Allogenic 
nutrients are brought in these wetlands by human activities, like 
agricultural run off during rainy season, sewage discharge, ground 
water inputs and atmospheric rains while autogenic nutrients are 
produced by synthesis of inorganic substances through decomposition 
of organic matter of plants and animal tissues. According to Likens 
and Hermann (1972), nutrients in a lentic system originate from 
biological, geological and meteorological pathways. Bottom sediments 
are generally recognised as reservoir of nutrients (Wetzel, 1983). 
According to Pathak (1997), shallow water bodies provide better 
circulation of nutrients and in this way nutrients generally do not 
become limiting factor for phytoplankton through regeneration and 
considerable exchange from land water interphase. 
Water bodies are often classified on the basis of their trophic 
status as eutrophic, oligotrophic and dystrophic using nutrients and 
algal blooms (Welch, 1952). Increased nutrient loading may have 
detrimental effect on the health of freshwater ecosystem leading to 
excess accumulation of algal biomass, aquatic macrophytes and the 
depletion of D.O. in water. There is a vast literature pertaining to 
importance of nutrients, like phosphorus, nitrogen and silica, in the 
life of aquatic biota including those of Ruttner (1963), Vaccaro (1965), 
Zafar (1967), Hynes and Grieb (1970), Ryther and Dunstan (1971), 
Khan and Siddiqui (1974), Hutchinson (1975), Zutshi and Vass 
(1978), Chourasia and Adoni (1985), Singhal et al. (1986), Schindler 
(1987), Hecky and Kilham (1988), Kaushik et al (1989 & 1990), Molat 
and Dillon (1991), Egge and Aksenes (1992), Conley et al. (1993), 
Rigler and Peters (1995), Keddy and Fraser (2000), Dodds and Welch 
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(2000), Biggs (2000), Kemp and Dodds (2001), Kumar (2002), Hosetti 
(2002), Vadelconcoevr et al (2003), Kohler et at (2005), Moss et al. 
(2005), Phillips et al. (2005), Leavitt et al (2006), Martin et al. (2006), 
Parveen et al. (2007 a) and Elliot and May (2008). 
i) Phosphorus 
Cole (1983) opined that phosphorus is necessary to all life mainly 
for the storage and transfer of cell's energy and in genetic systems. 
Welch (1952) and Goldman and Home (1983) believed it to be a 
critical limiting factor for biological productivity. Phosphorus occurs in 
natural waters solely as phosphate which plays an important role in 
the algal population and sometimes acts as a primary limiting factor 
in lentic waters (Schindler, 1971). 
According to Aarson et al. (1984), it cannot be exchanged with 
other elements in biological system. The sources of phosphorus in 
natural waters are weathering of phosphorus bearing rocks, leaching 
of soil from catchment area during the rainy season, cattle dung and 
night soils (Jhingran, 1991). 
Phosphates are released as a result of decomposition of phosphate 
rich detritus. Concentration is mainly dependent upon the external 
sources, like surface runoff, atmospheric input, ground water and 
internal process like phytoplankton uptake (sediment release, 
recycling by heterotrophs etc.) (Hutchinson, 1975). Atmospheric input 
has been recognised as a major source of phosphorus in many lakes 
located on underdeveloped lands with small catchment areas (Rigler 
and Peters, 1995). 
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It occurs in surface waters in three forms as: 
i) the inorganic or soluble phosphate phosphorus, 
ii) the soluble organic phosphorus, 
iii) the particulate organic phosphorus. 
Main supply of phosphate in these ponds are drainage, sewage 
effluents, domestic wastes, along with surface run off from the 
surrounding field and cattle dung. The tendency of phosphate to be 
absorbed by soil particles limits its movement in soil moisture and 
ground waters, but results in its transport into surface waters by 
erosion. Municipal waste waters and industrial wastes containing 
phosphate compounds are the other major sources of phosphate in 
the surface waters. It is used extensively as fertilizer to replace or 
supplement natural quantities on agricultural lands. Phosphate is 
also a constituent of animal wastes and may be incorporated into the 
soil in grazing and feeding habits. 
Values of PO4 - P in MP ranged from 0.430 (August, 2007) to 
1.245 mg/L (March, 2007). In Pond I and Pond II, values ranged from 
0.399 (January and May, 2007) to 0.797 mg/L (April, 2007) and 0.389 
(January, 2007) to 0.890 mg/L (July, 2007), respectively (Table 6). 
Monthly variations in the values of Phosphate phosphorus of all the 
three ponds are given in Table 6. 
According to Mackereth (1953), excess amount over the required 
phosphorus is stored in phytoplankton and become particulate 
phosphorus. This particulate phosphorus after the decomposition is 
converted into dissolved organic phosphorus which later is 
transformed into inorganic state after mineralization. The phosphorus 
levels in water are also governed by a number of physico-chemical and 
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metabolic factors. According to Mortimer (1941), it is also released 
from the mud in the form of colloidal ferric oxide in the presence of 
oxygen. This shows that the presence or absence of oxygen both may 
be critical. 
Higher values of phosphorus during the monsoon and post 
monsoon months or winter months might be due to regeneration of 
phosphorus in these ponds. 
Higher values were found during the summer months and found 
to be related with evaporation due to increased temperature which 
affects water level and concentration. At increased temperature 
decomposition of organic matter increases which further add 
phosphorus content to the water body. Kant and Raina (1990), Prasad 
(1990) and Kaushik et al. (1991b) have also reported higher 
concentrations during summer and gave similar reasons. 
Low values during winter months and also during some other 
months might be due to several factors such as utilization by algae 
and macrophytes for growth, sedimentation in the form of ferric 
complexes in bottom soil, low calcium level in water and low water 
temperature as also reported by Seenayya (1971), Khan and Siddiqui 
(1974), Sarkar (1989) and Kaushik et al. (1989). 
These water bodies can be considered eutrophic because the range 
for the phosphate content is well above the range (0.003 to 0.03 mg/L) 
as given by Sinha (2001) for eutrophic water bodies. Elevation in 
phosphate content upto 0.30 mg/L approximately triggers the process 
of deterioration in water quality with gradual increase in micro 
photosynthetic community and further increase, results in causing 
nuisance for economic exploitation in the small water bodies. Sarkar 
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(1989) has reported the percentage and rate of phosphorus release is 
also regulated by the interaction of nutrients, soil texture., abiotic and 
biotic factors, pollution potential and biological activity. Phosphates 
are also added in these ponds through detergents used by washermen 
which is one of the causes of increased values of PO 4 - P in these 
ponds. 
According to Pomeroy et al. (1965), the phosphate - phosphorus 
content (more than 2 mg/L in open waters) gives a sign of organic 
pollution. In all the three ponds, under study, phosphorus was never 
found above this limit indicating that they are in high trophic state. As 
these ponds have high trophic state, thus can be used for aquaculture 
practices. 
ii) Nitrogenous substances 
Nitrogen is formed when complex organic matter is broken down 
into simple forms by bacterial decomposition. Proteins are broken 
down into amino acids which further are reduced to ammonia 
nitrogen. If oxygen is present then ammonia is oxidised to nitrite 
(NO2') and then to nitrate (NO3') under the action of nitrifying bacteria 
like Nitrosomonas and Nitrobactor. According to Kumar (1997), 
nitrogen is highly mobile nutrient and has a complex nutrient cycle in 
terrestrial and aquatic ecosystem. There are two types of sources of 
nitrogen input, allogenic and autogenic. Nutrient enrichment causes 
algal growth and ultimately good aquaculture yield. Nitrogen is 
supplied from artificial and natural diets in aquaculture. Nitrogen to 
phosphorus ratio influences phytoplankton structure and biomass 
(Molat and Dillon, 1991). 
According to Mohan ty (2000), excess enrichment causes 
overproduction (eutrophication) which alters the hydrology and 
ultimately affects the ecologically sensitive fauna and lessens the 
biodiversity. 
Nitrate - nitrogen 
According to Parida et al. (1999), nitrate is the most stable form of 
nitrogen. It is the main source of nitrogen and regarded as an 
important nutrient for productivity of freshwater body. It is considered 
as a limiting factor in the development of phytoplankton and is a 
nutritive substance necessary for the production of chlorophyll 
(Welch, 1952; Wetzel, 1975; Goldman and Home, 1983 and Kumar, 
1997). Values of NO3-N are generally low in unpolluted freshwater 
bodies than the polluted ones. Barg (1992) opined that nitrogen 
pollution' not only alters the water quality but also influences the 
primary productivity, growth of aquatic weeds, benthos, epiphytes and 
toxic algae. According to Mohanty (2000), a part of unutilized nitrogen 
is also lost in the sediments, which alters the soil nutrient status and 
benthic community. 
Values of NO3-N in MP ranged from 0.099 (February, 2007) to 
0.188 mg/L (March, 2007). Pond I showed minimum value of 0.085 
during October, 2006 and maximum 1.135 mg/L during June, 2007 
whereas Pond II showed minimum value (0.060 mg/L) during May, 
2007 and maximum (0.150 mg/L) during September, 2007. Monthly 
variations in the values of nitrate - nitrogen of all the three ponds are 
given in Table 6. 
NO3-N showed wide seasonal fluctuations during the study 
period. Pond II showed higher concentration of NO3-N during monsoon 
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and post monsoon months indicating that it receives the nitrogen 
supply through drainage, catchment area and surface run off. 
According to Hutchinson (1975), presence of nitrogenous compounds 
in rain water is well known though their origin is by no means as well 
established as is commonly believed. 
In the present study, negative correlation between NO3-N and 
phytoplankton was found in MP (r = - 0.013) and Pond II (r = - 0.198), 
while positive correlation was found in Pond I (r = 0.220) (Table 10) 
(Fig. 12). Negative correlation between NO3-N and phytoplankton 
might be due to lowering of its utilization by increased phytoplankton 
for their growth and reproduction. Sarwar (1999) has also reported 
negative correlation between these two variables, while Haque (1991) 
has reported a positive and significant correlation between these two 
variables. 
Higher values during summer months in Medical Pond might be 
due to the increased rate of evaporation at higher temperature as well 
as increased rate of decomposition. 
Vyas and Kumar (1968), Chaurasia and Adoni (1985) and Kumar 
and Gupta (2002) have also found higher concentrations of NO3-N in 
summer and monsoon months. NO3-N moves rapidly through the soil 
with drainage water and is influenced mainly by biological factors 
(Sylvester, 1961). 
Nitrite - nitrogen 
Nitrites are not stable end products and their presence or 
absence in small amount are not of much importance. It is found in 
fresh water bodies from 0.0 to 0.14 mg/L and can go up to 2.0 mg/L 
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or higher in polluted waters (Goldman and Home, 1983). Organic 
nitrogen is converted into NH3-N and then into nitrite nitrogen 
depending upon the chemical and biological conditions prevailing in 
water. The concentration of NO2-N in any water body mainly depends 
upon the relative abundance of nitrifying and denitrifying activities. It 
is formed during nitrification of NH3 by the action of nitrifying bacteria 
(Nitrosomonas). Nitrates are also transformed into nitrites in the 
process of denitriflcation by the action of denitrifying bacteria, called 
Pseudomonas. 
Values of NO2-N in MP varied from 0.300 (November, 2006) to 
0.425 mg/L (July, 2007). Pond I showed variation from 0.130 (June, 
2007) to 0.325 mg/L (August, 2007) while values in Pond II ranged 
from 0.135 (June, 2007) to 0.350 mg/L (August, 2007). Monthly 
variations in the values of nitrite - nitrogen of all the three ponds are 
given in Table 6. 
It showed almost the same trend as followed by NH3-N and NO3-N. 
Higher values of nitrite-nitrogen, in these ponds are mainly due to the 
action of certain nitrifying bacteria (Nitrosomonas) during the 
decomposition of green aquatic organisms including both 
phytoplankton and macrophytes. Several workers (Qadri and Yousuf, 
1980, Goel et al, 1986 and Kaushik et at, 1991b) have reported high 
nitrite - nitrogen levels during warmer months. Contrary to this, Gaur 
(1998) has reported lower concentrations during summer months in a 
lechate water body reasoning its utilization by green aquatic 
organisms as nitrogen source. Wetzel (1975) has also reported lower 
values during summer, caused by the conversion of NO2-N into NO3-
N, by the action of certain nitrifying bacteria (Nitrobactor). 
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Higher values during monsoon months might be due to entry of 
surface run off water from the surrounding fields, whereas lower 
concentration of NO2-N may be due to low water temperature, higher 
dissolved oxygen content, less deposition of organic matter and 
greater sedimentation rate (Kaushik and Saksena, 1999). 
Ammonia - Nitrogen 
Goldman and Home (1983) suggested that ammonia - nitrogen 
provides a source of recycled nitrogen for speedy growth of 
phytoplankton and macrophytes when other forms of nitrogen are 
exhausted. Sufficient amount of NH3-N is liberated during the 
decomposition of planktonic organisms, may be by direct bacterial 
action or without the formation of soluble intermediate products 
(Von Brand and Rakestraw, 1940). It is also one of the excretory 
products of aquatic animals as well as it is also produced by the 
bacterial reduction of nitrate (Hutchinson, 1975). 
Goldman and Home (1983) recorded 20.0-30.0 mg/L ammonia -
nitrogen in a water receiving sewage outfall. Higher amounts of 
ammonia are mainly due to the aerobic decomposition of bottom 
organic matter. 
Higher levels of ammonia - nitrogen in water column have been 
reported to be toxic to many aquatic animals. For example, levels >1.0 
mg/L NH3-N in a stream has negative impact on the fish communities 
(Miltner and Ranken, 1998). 
Values of NH3-N in MP ranged from 68.0 (November, 2006) to 
112.0 mg/L (August, 2007). Pond 1 showed minimum value (48.0 
mg/L) during March, 2007 and maximum (111.0 mg/L) during July, 
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2007 whereas Pond II showed minimum value (43.0 mg/L) during 
May, 2007 and maximum (115.0 mg/L) during September, 2007. 
Monthly variations in the values of ammonia - nitrogen of all the three 
ponds are given in Table 6. 
Generally, higher concentrations were recorded during late 
summer and monsoon months. It started increasing in June, 2007 (77 
mg/L) that went upto 115 mg/L during September, 2007 and was 
found to be associated with higher rate of decomposition of dead and 
decayed organisms and the amount of sewage enter into these water 
bodies. Medical Pond showed the highest concentration of ammonia -
nitrogen during monsoon months with a maximum concentration, 115 
mg/L during September, 2007 that can be attributed to large input of 
organic matter from the large catchment area during rainy season. 
Higher values during summer months were also reported by Seenayya 
(1971) and Haque (1991). Lower values, during winter months, might 
be due to slower bacterial activity at low temperature causing 
inhibition of decomposition activity and so release of ammonia -
nitrogen is retarded. It might also be due to direct utilization of 
ammonia - nitrogen by phytoplankton during the period. Paul and 
Verma (1999) have also reported high ammonical nitrogen during 
summer and low during winter in a tropical water body. They 
attributed it to increase and decrease in temperature during summer 
and winter, respectively, and to direct utilization of ammonia -
nitrogen by phytoplankton as also reported by Rao and Govind (1964). 
iii) Silica 
Natural waters commonly contain silicon dioxide in the form of 
soluble silicates. It may also occur in certain waters, particularly in 
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streams, in colloidal form. According to Welch (1952), river water is 
generally rich in silica. It does not occur in nature as a free element. 
Silicon is found to be present in the frustules in the form of hydrated 
amorphous silica, Si02. nH20 (Lewin, 1961 and Goldman and Home 
1983). According to Scheleske and Stroemer (1972), silica depletion 
hypothesis rests on two major assumptions. 
i) that increased nutrient loading causes an increase in 
phytoplankton production, specially diatoms, and 
ii) that some fraction of diatoms produced are permanently lost 
from the water column and sequestered in the sediments. The 
ultimate effect is depletion of water column dissolved silica 
concentration. 
It is also produced during degradation of aluminosilicate minerals 
(Wetzel, 1983 and Kaushik and Saksena, 1999). Greatest 
concentrations of silica are found in ground waters in contact with 
volcanic rocks. In inland waters, it ranges from 0.1 to 4000 mg/L, 
representing the extremes from snow melt to hot mineral springs 
(Cole, 1983). According to Edwards and Liss (1973), silica content of 
river waters tends to be remarkbly uniform and shows little response 
to changes in discharges rates. According to Cole (1983), silica is 
expressed as silicon dioxide (Si02) and ranges from 2 to 25 mg/L in 
fresh waters. The release of dissolved silicates from the regeneration of 
diatom frustules is also a temperature dependent process with the 
highest concentration of dissolved silicates often observed in estuaries 
during the summer (Conley and Malone, 1992). 
Values of silica ranged from 0.043 (March, 2007) to 0.182 mg/L 
(November, 2006) in M.P. Pond 1 and Pond II showed minimum 0.012 
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mg/L (Febmaiy, 2007) and 0.019 mg/L (Februaiy, 2007) and 
maximum 0.088 (June, 2007) and 0.085 mg/L (June, 2007) 
respectively. Monthly variations in the values of silica of all the three 
ponds are given in Table 6. 
Higher concentration of silicates during post-monsoon months 
may be due to incoming drainage and surface run off which react 
upon with CO2 to produce silica as also reported by Hutchinson 
(1975). Conley et al. (1993) have also suggested that increase in Si 
might be due to anthropogenic activities. Increase in Si concentrations 
at Pond I and Pond II during summer may be due to evaporation of 
water. Further higher values during summer may also be attributed to 
release of silica during decomposition of organic matter at higher 
temperature as also suggested by Khan and Siddiqui (1974), Mohan 
(1987) and Ramanibai and Ravichandran (1987). 
Occurrence of low silica, during winter season and some other 
months of the present study, was found to be related to its continuous 
utilization by phytoplankton, specially diatoms and certain 
macrophytes present in the water body and less decomposition 
activity because of low water temperature and higher sedimentation 
rate (Ganapati, 1956; Kilham, 1971; Cole, 1983 and Saha, 1993). 
Prowse and Tailing (1958) while working on Nile River have reported 
that few diatoms (eg. Melosira sp.) cause depletion of silica. Lewin 
(1954) studied the relationship of silicates with that of Nitzschia sp. 
and found an inverse relationship, while Sarkar and Rai (1964) did 
not find any correlation between silica content and diatom number. 
Silica showed negative correlation with diatoms in Pond I and Pond II 
(r = -0.328 & -0.079) and positive in M P. (r = 0.410) (Table 10, Fig. 
13). 
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Considerable information is available on the Si content and its 
utilization by diatoms and other algae in the surface waters 
(Hutchinson, 1967; Schelske and Stroemer, 1972; 1972 a; Cole, 1983; 
Yousuf et al, 1986; Kumar 1995; Narender and Mehmood; 1995 and 
Sabu and Abdul, 1996). In Indian freshwaters, silica concentration 
varied from 0.0 to 42.0 mg/L (Ganapati, 1956; Vyas and Kumar, 
1968; Sreenivasan, 1972; Jana and Sarkar, 1971; Seenayya 1971; 
Khan and Siddiqui, 1974; Zutshi and Vass, 1978; Mohan, 1987 and 
Kant and Raina, 1990). 
d) DISSOLVED GASES 
i) Oxygen Regime 
Oxygen is necessary for higher life on this planet. Plants and 
animals obtain oxygen as a gas mainly from air. Plants are also 
credited for contributing oxygen back into the atmosphere through the 
process of photosynthesis. Oxygen dissolved in water is far less 
abundant than oxygen present in air and, therefore, the amount of 
oxygen present in the water is regarded as an important water quality 
parameter. Oxygen is transferred from the atmosphere into the 
surface waters by diffusion and aerating action of wind. Cold water 
can hold more dissolved oxygen than warmer water and freshwater 
holds it more than the salt water (Wetzel, 1983). Production of oxygen 
is limited to photic areas where plants are present. Surface water is 
nearly saturated with oxygen most of the year while deep bottom 
water ranges from saturation to anoxia. Despite the fact that all of us 
are taking oxygen into our bodies and converting it into carbon 
dioxide (CO2) during the process of respiration to extract energy from 
food. The amount of oxygen in atmosphere remains remarkably stable 
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at about 20.95% of the air (Wetzel, 1983). Plants play a significant role 
to return this oxygen back into the atmosphere. Plants trap solar 
energy (sunlight) to produce organic molecules from carbon dioxide 
and water, and oxygen is released as a by-product during the process 
of photosynthesis. Oxygen gets into water by diffusion from the 
surrounding air by aeration or agitation of water and it is also 
produced as a by-product of photosynthesis within the water body 
itself. Though diffusion of gases into the water is a very slow process, 
the amount of oxygen dissolved in water equilibrated with air, at a 
given temperature and pressure, is greater than nitrogen (Wetzel, 
1983) because oxygen is more soluble in water than nitrogen. 
Dissolved oxygen (D.O.) of a water body is reduced by organismal 
respiration, decomposition of organic matter and automatic release 
from surface due to increase in summer temperature (Welch, 1952). 
Tarzwell (1957) has suggested that a minimum of 3.0 mg/L D.O. is 
necessary for healthy fish life. 
A vast literature exists on the oxygen regime of aquatic ecosystem 
both from tropical and temperate waters. Important works are those 
of Reid (1961), Ruttner (1963), Sreenivasan (1964 85 1991), Edward 
and Rolley (1965), Hussainy (1967), Hutchinson (1967 &, 1975), 
Ramanithran (1968), Michael (1969), Khan and Siddiqui (1971), 
Tandon and Singh (1972), Mathew (1975), Mishra and Yadav (1978), 
Ayyappan and Gupta (1981), Cole (1983), Goldman and Home (1983), 
Wetzel (1983), Bhatt and Negi (1985), Bernice et al. (1987), Yousuf and 
Shah (1988), Kaushik et al. (1989 85 1991 a, b), Prasad (1990), Shukla 
and Bais (1990), Saksena and Mishra (1991), Dutta et al. (1993), 
Anjana and Kanhere (1995), Narendra and Mahmood (1995), Paul and 
Verma (1999) and Vijaykumar et al. (1999), Desa et al. (2005), Saloom 
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and Duncun (2005), Parushuram and Singh (2007) and Santino et al. 
(2008). 
Dissolved oxygen variations of all the ponds are given in Table 3. It 
varied from 2.5 to 9.8 mg/L in the water samples collected from the 
ponds. Medical Pond showed a minimum of 3.2 mg/L in October, 
2006 and August, 2007 and maximum of 9.8 mg/L in March, 2007. 
Pond I showed a minimum of 2.8 mg/L in July, 2007 and maximum 
of 9.8 mg/L in February, 2007. Pond 11 showed a minimum of 2.5 
mg/L in July, 2007 and maximum of 9.5 mg/L in January and 
February, 2007. The statistical analysis showed a negative and 
significant correlation between Dissolved oxygen and Water 
temperature in MP (r = -0.716), Pond I (r = -0.691) and Pond II (r = -
0.710) (Table 10) (Fig.2). It directly affects the survival and 
distribution of flora and fauna in an ecosystem (Vijay Kumar et a/., 
1999). 
Fluctuations in dissolved oxygen content are affected by many 
factors like solubility of oxygen in water, intensity of light, loss due to 
chemical and biological oxidation, diffusion and absorption from the 
atmosphere, presence and abundance of green aquatic organisms and 
photosynthesis (Wetzel, 1983). Higher values of dissolved oxygen 
might be attributed to intense photosynthetic activity of 
phytoplankton and other green aquatic plants present in these water 
bodies and also due to more oxygen holding capacity of water at low 
temperature during winter. Higher values of dissolved oxygen in colder 
months have been reported by several workers (Kaushik etal, 1989; 
Prasad, 1990 and Kaushik and Saksena, 1999). Lower values might 
be due to its utilization during decomposition of organic matter, low 
photosynthetic rate, respiration by micro and macro - organisms 
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(Kaushik and Saksena, 1999) and entry of surface runoff containing 
less dissolved oxygen particularly during rainy season (Welch, 1952) 
as shown here in the present study. 
ii) Carbon dioxide system 
The carbon dioxide content of the atmosphere varies v^ i^th 
locality and potential enhancement from industrial pollution. 
Atmospheric carbon dioxide enters into the natural waters through 
diffusion (Broecker, 1973). Carbon dioxide is highly soluble in water, 
some 200 times greater than the oxygen (Welch, 1952). The yearly 
increase in atmospheric carbon dioxide seems to be the result of 
deforestation in addition to burning fossil fuels such as peat, oil and 
coal. The respiration of plants, animals and aerobic bacteria of decay 
add carbon dioxide to the aquatic environment. Anaerobic 
decomposition of carbohydrates in bottom sediments is another 
important source of carbon dioxide gas (Cole, 1983). Photosynthesis 
and respiration are two major processes which influence the amount 
of CO2 in water. Free CO2 dominates in water at pH 5 and below, 
while above pH 8.3, carbonates are quantitatively significant. Between 
pH 7 and 9, bicarbonates predominate (Cole, 1983). The free carbon 
dioxide which is much more soluble than oxygen in water (Welch, 
1952) is always found in large quantities in polluted waters. 
Free carbon dioxide was found to be absent throughout the 
period of study in all the three ponds (Table 3). It may be because of 
the release of free carbon dioxide from the water column due to 
increase in pH and temperature, utilization during photosynthesis and 
due to conversion of free carbondioxide into bicarbonates by reacting 
with carbonates. Complete absence of carbondioxide has been 
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reported by Ganapati (1960), George (1956), Jana and Sarkar (1971) 
and Khan and Khan (1985) in Indian waters. Free CO2 acts as a buffer 
to the environment against rapid changes in pH and also regulate 
biological processes of aquatic organisms. There are many sources of 
CO2 in aquatic ecosystem, such as atmospheric CO2, bacterial 
decomposition of organic matter and respiration by micro and macro 
organisms (Kaushik and Saksena, 1999). The presence or absence of 
free CO2 in the surface water is mostly governed by its utilization by 
algae during photosynthesis and also through its diffusion from air 
(Sreenivasan, 1974). Free CO2 may be present throughout the year 
(Sreenivasan, 1972 and Singhal et al, 1986) or present scarcely 
(Fasihuddin and Kumari, 1990) or may be absent altogether 
(Ganapati, 1960 and Gaur et al, 1999). 
pH is an important parameter which regulates various 
physiological and biological activities of the aquatic ecosystem. 
Photosynthetic utilization of carbondioxide in the trophogenic zone 
tends to reduce CO2 and increase pH while the respiratory generation 
of CO2 in water column and sediments increases CO2 and reduces pH. 
The importance of photosynthesis is obvious, as plants can 
successfully absorb CO2, eliminate bicarbonates, precipitate 
carbonates and form hydroxyl ions. All these events account for rise in 
pH (Cole, 1983). pH of the water bodies during the course of study 
showed great variations. pH varied from 8.3 to 9.5 during the whole 
period of study in all the three ponds. Increase in pH is the result of 
the rise in carbonate alkalinity resulting from the photosynthetic 
activity of phytoplankton and green algae. Decrease in the pH was 
attributed to the release of anaerobic water. 
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pH is generally considered as an index for suitability of 
environment and is one of the most important factors affecting 
productivity of a water body (Welch, 1952). pH has a direct effect on 
the survival of organisms. pH between 6.5 and 9.0 supports good 
fishery (Ellis, 1937 & Das et at, 2001). According to Das et al. (2001), 
pH has a direct effect on fish growth appetite and food conversion 
ratio as well as growth and survival of fish food organisms. Ohle 
(1938) opined that pH above 10 and below 4.8 have a detrimental 
effect. According to Swingle (1967) if waters have a pH less than 6.5 or 
above 9.5 for a prolonged period, reproduction and growth of fish 
would diminish. Important contributions on pH are those of Ellis 
(1937), Welch (1952), Ganapati (1960), Sreenivasan (1972), Singhal et 
a/.(1986), Fasihuddin and Kumari (1990), Gaur et al. (1999), Das et 
a/.(2001), Wetzel (2001), Prescott et al (2002), Edmondson (2005), 
Weisse and Stadler (2006). According to Alabaster and Lloyd (1984), 
maintenance of a constant pH in the body fluid at a given temperature 
is one of the important tasks of the regulating system for 
homoeostasis in aquatic animals. 
Medical Pond showed the minimum pH, 8.4, during December, 
2006 and April and May, 2007 and maximum, 9.2, during March, 
2007. Pond 1 showed the minimum pH, 8.4, during December, 2006 
and June and August, 2007 and maximum, 9.5, during May and July, 
2007. Pond II showed the minimum pH, 8.3, during December, 2006 
and Januaiy and August, 2007 and maximum, 9.2, during 
September, 2007. Monthly variations in the value of pH of all the three 
ponds are given in Table 3. 
These are shallow water bodies and they are subjected to 
disturbances caused by washermen's activity, wind action and catties. 
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As a result, there is a great variation in pH. When there is entry of 
surface runoff material, it increases turbidity thus reducing 
transparency and hence light intensity. This results in the reduction 
of photosynthetic activity and thus reduces pH in some months. 
Alkalinity is due to Bicarbonate, Carbonate and Hydroxide and 
less frequently in inland waters by Borate, Silicate and Phosphate 
(Wetzel, 1983). The concentration of these compounds and the ratio of 
one to another determine the actual and the buffering capacity of 
given water. It is regarded as an important parameter for aquatic life 
in freshwater ecosystem because it stabilizes the pH changes that 
occur naturally as a result of photosynthetic activity of chlorophyll 
bearing plants. The range of alkalinity in Indian waters varied from 40 
to 1000 mg/L (Jhingran, 1991). Alkalinity is considered as a measure 
of productivity by some workers (Ohle, 1938 & Alikunhi, 1957). 
Total alkalinity in these ponds was always found to be greater 
than 60 mg/L and, therefore, they can be considered as nutrient rich 
ponds (Spence, 1964). As the intensity of decomposition increases in 
the tropholytic zone the amount of CO2 and especially HCO3-
increases markedly (Wetzel, 1975). Alkalinity is important for 
freshwater ecosystem because it equilibrated pH changes that occur 
naturally as a result of photosynthetic activity of chlorophyll bearing 
vegetation. Carbonate, bicarbonate and hydroxides form the basic 
components of alkalinity in the wetlands under study. The range of 
total alkalinity varied from 40-1000 mg/L in Indian fresh waters 
(Jhingran, 1975). 
Natural tropical water bodies and wetlands usually show a wide 
range of fluctuations in total alkalinity values depending upon the 
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location, season, micro and macrophyte populations, rainfall, 
washermen's activity and nature of bottom deposits (Kaushik and 
Saksena, 1999). In the present study, total alkalinity ranged from 100 
to 480 mg/L (Table 4). The fluctuations in total alkalinity were mainly 
due to photosynthetic activity of the phytoplankton and other green 
aquatic plants inhabiting the aquatic ecosystem 
Higher values, found during the winter months, might be due to 
higher photosynthetic rates, while during monsoon and post monsoon 
months, it may be due to the rains and inflow of the water from the 
surrounding catchments area and incoming sewage from the 
surrounding human settlements. 
All these ponds are used for washing and bathing purposes, 
thus this activity further add carbonate and bicarbonate that leads to 
increase in alkalinity. Hayes and Anthony (1959) have reported that 
organic pollution, release of soap and detergents through cloth 
washing and bathing and decomposition of organic matter in 
sediments are the factors responsible for higher alkalinity. The 
amount of CO2 added to the atmosphere by the oxidation of the 
geologic reserves was calculated to be 10 billion metric tons for 1960 
(Cole, 1983). A little more than half of this amount found in the 
atmosphere and the rest is stored in the oceans, much of which is 
utilized in photosynthesis, with planktonic diatoms of the open seas 
playing a paramount role (Cole, 1983). Hutchinson (1975 a) have 
reported high concentrations of bicarbonates and have attributed it to 
the formation of ammonium bicarbonates at the mud water interface. 
Values of alkalinity in MP varied from 230.0 (July, 2007) to 480.0 
mg/L (January, 2007). In Pond I, it ranged from 100.0 (July and 
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September, 2007) to 215.0 mg/L (November, 2006). In Pond II, 
minimum value was 100.0 (July, 2007) and maximum was 235.0 
mg/L (October, 2006). Monthly variations in the value of Alkalinity of 
all the three ponds are given in Table 4. 
In MP, higher values were found during winter months and lower 
during summer. In case of Pond I and Pond II, higher values were 
found during post - monsoon months and low during summer and 
winter months. 
Carbonate alkalinity was recorded in all the samples throughout 
the study period. Sreenivasan (1972), Shardendu and Ambasht 
(1988), Kaushik et al. (1989), Kant and Raina (1990) and Khan et al 
(2002) have reported similar observations regarding seasonal 
variations in carbonate alkalinity. Carbonate alkalinity increases and 
decreases with pH. Spence (1967) has stated that alkalinity and pH 
are closely connected with an accurate measure of the trophic status 
lake water. 
Values of Carbonate alkalinity in MP varied from 30.0 (May, 2007) 
to 99.0 mg/L (November 86 December, 2007). In Pond I, it ranged from 
39.0 (December, 2006) to 75.0 mg/L (May, 2007). In Pond II, 
minimum value was 33.0 mg/L (February, 2007) and maximum was 
77.0 mg/L (May, 2007). Monthly variations in the values of carbonate 
alkalinity of all the three ponds are given in Table 4. 
During photosynthesis, bicarbonates are broken down and 
carbonates are released. Thus, it is obvious that the changes in the 
phytoplankton number must be directly related to changes in 
carbonate concentrations. However, no such relationship was 
observed between carbonate alkalinity and phytoplankton population 
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in the present study. It was mainly due to the presence of large 
number of green aquatic plants in the ponds. 
Bicarbonate alkalinity is the main constituent of the total 
alkalinity and is present in waters in which photosynthesis is actively 
taking place (Chaurasia and Adoni, 1985). Low values of bicarbonate 
may be due to utilization by submerged macrophytes and algae. The 
ability to assimilate bicarbonate ions is variable among planktonic 
algae, macroalgae and submerged angiosperms (Allen and Spence, 
1981). 
Values of bicarbonate alkalinity in MP varied from 158.0 (August, 
2007) to 400.0 mg/L (January, 2007). In Pond I, it ranged from 49.0 
(June, 2007) to 157.0 mg/L (October & November, 2006). In Pond II, 
minimum value was 35.0 mg/L (July, 2007) and maximum was 174.0 
mg/L (October, 2006). Monthly variations in the value of bicarbonate 
alkalinity of all the three ponds are given in Table 4. In the present 
study, it was found to decrease in the months of summer and winter 
and increase during the post monsoon months. Increased bicarbonate 
values during winter season and decreased values during summer 
months have been reported by Qadri and Yousuf (1980). The 
increased or decreased bicarbonate content may be due to 
photosynthetic and respiratory activity of algae and green plants 
respectively. Bicarbonate values showed a bimodal pattern. Ghosh 
and George (1989) have reported that all the water bodies with a pH 
range of 7.0 to 9.0 always show a very high bicarbonate concentration. 
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3) BIOLOGICAL PARAMETERS 
a) PLANKTON 
It is evident that the requirement of biological species and 
communities is nearly as complex as those of taxonomicalty higher 
organisms and that disruption of these communities by pollution can 
affect the entire aquatic food web (Pai, 2002). 
According to Cairns and Prant (1993), biological surveillance of 
communities, with special emphasis on characterizing ta>:onomic 
richness and composition is perhaps the most sensitive tool now 
available for quickly and accurately detecting alterations in the 
aquatic ecosystem. Victor Hensen was the man who proposed the 
term "plankton" in 1887. He proposed this term to designate the 
heterogeneous assemblage of very minute and finely divided non-living 
matter which we call now as seston. Now the term plankton is 
restricted to living organisms only that included both plant and 
animal communities. Therefore, based on them, they are called as 
Phytoplankton and Zooplankton, respectively. They do not have the 
power of locomotion of their own and move at the mercy of water 
movements. 
Alikunhi (1957) and Jhingran (1991) suggested that plankton 
study is an important tool in assessing suitability of an aquatic 
environment for fish culture because plankton serve as food for 
economically important culturable fish species and their fry and 
fingerlings. They are of immense food value as food items and play an 
important role in the treatment of sewage and in the natural bio-
remediation of polluted waters. However, some plankton form harmful 
blooms that may cause high mortality among the aquatic organisms 
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and pose a serious threat in the water supply for domestic and 
industrial use (Venkateshwarlu and Hosetti, 2002). 
Plankton vary qualitatively and quantitatively with depth, site, 
time and season. Geological, biological and climatic factors affect their 
distribution and abundance. Since very little literature is available on 
the plankton organisms of Northern India, the present work was 
undertaken to make the qualitative and quantitative assessment of 
the plankton organisms in the freshwater bodies of Aligarh region that 
is a part of Northern India. 
i) PHYTOPLANKTON 
Phytoplankton are natural inhabitants of water bodies. They are 
regarded as the chief primary producers of any aquatic environment 
(Wetzel, 1975) which fix solar energy by the process of photosynthesis, 
assimilating carbon dioxide to produce carbohydrates, thus serve as 
an important link between the abiotic factors and the biota in the 
aquatic system (Saha et al, 2000). Phytoplankton has great 
importance from ecological point of view (Kumar and Gupta, 2002). 
Some develop noxious blooms, sometimes creating offensive tastes 
with bad odour or anoxic or toxic conditions resulting in animal death 
or human illness to those who consume these water (Hosetti, 2002). 
Eutrophication, primary productivity, sewage disposal, increased 
human interference, and industrial wastes produce number of 
changes in the floristic composition of phytoplankton population 
(Ganapati, 1960; Zafar, 1964, 1967; Munawar, 1972; Vashisht and 
Sharma, 1975; Kaul, 1977; Zutshi and Khan, 1977; Sharma et al, 
1978; Datta et al, 1984 and Singhal et al, 1986). Various 
environmental factors have a cumulative effect on the phytoplankton 
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population and no single factor can govern the production of 
phytoplankton organisms. A generalization is more or less accepted 
that clean water bodies are dominated by diatom flora and organic 
pollution leads to development of Chlorophyceae and Myxophyceae. 
Euglenophyceae is not consistent in its performance but it prefers 
enriched waters (Gaur, 1998). 
Seasonal variations in phytoplankton population, as a result of 
changing environmental conditions, have been well documented 
(Patrick, 1967; Smayda, 1969; Mulford, 1972 and Samuels et al, 
1979). 
Some organisms, which were found to be absent during certain 
months, used to reappear during other months of the year. This 
temporary disappearance might be due to unfavourable conditions 
prevailing during the periods of their disappearance. Their 
reappearance indicated the return of favourable conditions for them. 
These variations in phytoplankton population have been attributed to 
many factors (Patrick, 1969 and Jana, 1973). According to Eloranta 
(1982), the fluctuations in phytoplankton standing crop depend 
mainly on the ratio between production and loss of cells. 
In the present investigation, groups of planktonic algae were found in 
the following order of abundance - Chlorophyceae > Bacillariophyceae 
> Myxophyceae > Desmidiaceae > Euglenophyceae in Medical Pond 
and Chlorophyceae > Bacillariophyceae > Myxophyceae > 
Euglenophyceae > Desmidiaceae in Pond I and Pond II. 
Coefficient of correlation analyses between total phytoplankton 
and some important physico-chemical parameters were also carried 
out (Table 10). Total phytoplankton population showed a positive 
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correlation with water temperature in Medical Pond (r = 0.298) and 
negative in Pond I (r = - 0.147) and Pond II (r = - 0.488) (Fig. 16), with 
zooplankton it was positive in Medical Pond (r = 0.522) and Pond I (r = 
0.496) while negative in Pond II (r = - 0.531) (Fig. 18) and with 
dissolved oxygen, positive in Pond 1 (r = 0.169) and Pond II (r = 0.349) 
while negative in Medical Pond (r = - 0.381) (Table 10) (Fig. 7). 
Phytoplankton showed negative correlation with pH in MP (r = - 0.089) 
and Pond II (r = - 0.041) while positive in Pond I (r = 0.281) (Fig. 17, 
Table 10). 
In the present study, it was noted that no single environmental 
factor was found responsible for the production of phytoplankton 
organisms but a number of factors acted together to bring cumulative 
effect. Vast literature exists on phytoplankton like those of Chaturvedi 
and Habib (1996 and 1997), Cox (1996), Kathryn (1996), Hedge and 
Sujatha (1996), Chaturvedi et a/.(1999), Habib and Chaturvedi (1999), 
Carvalho and Kirika (2003), Khan (2003), Ferber et al. (2004), 
Batterbee et al. (2005), Dwivedi et al. (2005), Rao et al. (2006), Brucet 
et al. (2006), Elliot and May (2008). Total phytoplankton ranged from 
366 (April, 2007) to 522 No./ml (December, 2006) in Medical Pond, 
323 (November, 2006) to 375 No./ml (Februaiy, 2007) in Pond I and 
297 (October, 2006) to 342 No./ml (March, 2007) in Pond II (Table 7, 
Fig. 38). Population density is given in Tables 8 a, b, c and Percent 
composition of different groups of phytoplankton during the study 
period in the three ponds is shown in Figs. 36 a, b, c. 
Myxophyceae 
It is a primitive group which is prokaryotic in cell structure like 
the bacteria (Wetzel, 1983). It has been among the most studied of all 
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algal groups. In fresh waters, blue-green algae are the major 
phytoplankton organisms able to produce biotoxins, neurotoxins 
(alkaloids) and hepatoxins (peptides) (Sant'Anna and Azevedo, 1995, 
2000). Blooms of blue - green algae promote great social, economic 
and environmental problems in freshwater ecosystem. They are 
unicellular, filamentous and colonial forms and most are enclosed in 
mucilaginous sheath either individually or in colonies (Wetzel, 1983). 
They are also called as cyanobacteria (Woese, 1981). They are found 
not only in free form but also in epilithic forms and as symbionts 
(Weise, 1982). A number of species of myxophyceae group are 
cosmopolitan and have a worldwide distribution. They are more 
efficient in utilizing CO2 at high pH level and low light availability 
under eutrophic conditions (Shapiro, 1990) and, thus, their 
abundance indicates the eutrophic nature of the studied water bodies. 
The nuisance growth of blue- green algae also causes O2 depletion 
after decomposition during unfavourable conditions, thereby, killing 
many organisms inhabiting the water body (Philipose, 1972 and 
Reynolds, 1991). Cyanobacteria are known to form nuisance blooms 
almost every summer (Deppe et ah, 1999). Presence of algal blooms of 
Microcystis sp. (now Anacystis sp.) indicates the eutrophic nature of 
water body (Codd, 2000). Carmichael (1996) and Falconer and 
Humpage (1996) have described the consequences and problems 
caused by cyanobacterial blooms. Gaur (1994) also opined that its 
presence and abundance indicate the eutrophic nature of the water 
body. They are polymodal in distribution. 
Gonzalves and Joshi (1946) attributed the rise of blue-green 
algae at the end of rainy season to the rise in temperature at the end 
of the monsoon season. The periods of myxophycean maxima are 
usually accompanied by the low concentration of dissolved oxygen. 
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On an average, myxophyceae form third abundant group in all 
the three ponds constituting about 21.24 % in Medical Pond, 22.10% 
in Pond I and 18.54 % in Pond II (Fig. 36 a, b, c). Most of the genera of 
this group are planktonic in nature (Wetzal, 1983). In the present 
investigation, this group was represented by the genera, namely 
Anacystis, Agmenellum, Nostoc, Anaebena, Tetrapedia, Oscillatoria and 
Spirulina. In this group, Anacystis was the most dominant species in 
all the three ponds. Monthly occurrence of these genera in all three 
ponds is given in Tables 8 a, b, c. Myxophyceae population ranged 
from 50 (April, 2007) to 128 No./ml (December, 2006) in Medical 
Pond, 53 (April, 2007) to 96 No./ml (August, 2007) in Pond I, 37 
(January, 2007) to 77 No./ml (October, 2006) in Pond II. 
Anacystis sp. : Cells are spherical before division, irregularly 
distributed through the gelatinous matrix or in a series of rows in 3 
planes perpendicular to each other (Edmondson, 1959). It was more in 
density in Medical Pond as compared to Pond I and Pond II. It was 
found abundant among myxophycean genera during almost every 
month of investigation (Tables 8 a, b, c) in all the ponds. The 
distribution was found to be polymodal in Medical Pond and Pond I 
and bimodal in Pond II (PLATE I). 
Agmenellum sp. : Cells are ovoid, arranged regularly in series of 
rows perpendicular to each other (Edmondson, 1959). It showed only 
one peak of abundance (22 No./ml) during February, 2007 in Medical 
Pond. In Pond I also single peak was found during February, 2007 (15 
No./ml). Uneven distribution was recorded in Medical Pond and Pond 
I showing low density during the rest of the year. In Pond II, it was 
more or less uniformly distributed (Tables 8 a, b, c) (PLATE I). 
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Nostoc sp. : It is a filamentous form. Trichomes may be straight or 
broad. Filaments are more or less straight and within a gelatinous 
sheath (Needham and Needham, 1962). It was bimodal in distribution, 
the two peaks occurred during November and June, 2007 (20 No./ml) 
in Medical Pond. In Pond I, it was polymodal, showing three peaks of 
abundance during January, 2007 (22 No./ml), June, 2007 (15 No./ml) 
and August, 2007 (20 No./ml), whereas in Pond II, two peaks were 
recorded, first during October, 2006 (25 No./ml) and second in 
September, 2007 (20 No./ml) (Tables 8 a, b, c) (PLATE I). 
Anabaena sp. ; Its filaments are aggregated without order (Needham 
and Needham, 1962). It showed more or less uniform distribution 
throughout the year in all the three Ponds, except for few months in 
which it was found absent in Medical Pond. Maximum concentration 
was noted in Pond I, where number varied from 1 - 9 No./ml during 
different months (Table 8 a, b, c) (PLATE I). 
Tetrapedia sp. : The cells are squarish, arranged regularly and 
flattened (Needham and Needham, 1962). It was only found in Medical 
Pond showing bimodal pattern of distribution. It varied from 3 to 36 
No./ml. It was found absent in Pond I and Pond II during the whole 
study period (Tables 8 a, b, c) (PLATE I). 
Oscillatoria sp. : It is a filamentous form. Trichomes can be straight 
or flexuous (Needham and Needham, 1962). It showed three peaks of 
maxima, first during October, 2006, second during May, 2007 and 
third during August, 2007 in Medical Pond. In Pond I, maximum 
numbers were recorded during October, 2006 and during September, 
2007. Pond II showed abundance during October, 2006 (19 No./ml) 
and November, 2006 (20 No./ml). It showed polymodal distribution in 
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Medical Pond and bimodal in Pond I and Pond II (Tables 8 a, b, c) 
(PLATE I). 
Spirulina sp. : It is spiral in nature, filaments are enclosed in a 
gelatinous sheath (Needham and Needham, 1962). It was rich during 
January, 2007 (12 No./ml) and July and August, 2007 (13 No./ml) in 
Medical Pond. Pond I showed abundance during November, 2006 (25 
No./ml), October, 2006 and July, 2007 (19 No./L). Pond II had peaks 
during October, 2006 (11 No./ml), March, 2007 (llNo./ml) and 
August, 2007 (20 No./ml). Polymodal pattern of distribution was 
noted in all the three ponds throughout the year (Tables 8 a, b, c) 
(PLATE I). 
Chlorophyceae 
The chlorophyceae is a large and important group of freshwater 
green algae. They come in wide variety of shapes and forms, including 
free swimming unicellular species, colonial forms, non fleagellate 
unicellular and filamentous forms. It forms the major group of 
phytoplankton. It is an extremely large and morphologically diverse 
group of algae and found in almost all the fresh water bodies (Wetzel, 
1983). Mc Combie (1953) and Davis (1954) have reported high 
temperature and bright sunshine as the favourable factors for the 
growth and development of green algae. Lin (1972) and Bais et al. 
(1993) have reported that besides physico-chemical parameters the 
presence of myxophyceae also control the fluctuations in green algae 
populations. All the ponds showed a luxuriant growth of 
chlorophyceae. According to Mohan (1987), calcium plays an 
important role in the development of chlorophyceae. The green algae 
embrace such familiar genera as Spirogyra and Ulothrix, each belong 
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to a different order of chlorophyceae and represent 8000 freshwater 
species (Hutchinson, 1957). They showed polymodal distribution. 
Their decline during rainy season appears to be caused by increase in 
water volume. Heavy rainfall causes dilution and over flooding during 
monsoon months in all these water bodies which also play devastating 
role in phytoplankton growth. Such effects have also been reported by 
Trivedy (1993) and Unni (1996). Chlorophycean population showed 
dominance in early winter and a minima in monsoon. Singh and 
Kumar (1997) have also reported the same phenomena. 
Besides physico-chemical parameters, presence of myxophyceae 
is also known to control the fluctuations in green algae population 
(Lin, 1972). In the present study, it was the most abundant group of 
phytoplankton. Some genera were absent during certain months and 
reappeared when conditions became favourable. Chlorophycean 
dominance has also been attributed to eutrophic nature of the ponds 
(Gonzalves and Joshi, 1946). The ability of chlorophyecean algae to 
withstand against the pollution load has been reported by Palmer 
(1969). Gonzalves and Joshi (1946) have supported the view of 
Griffiths (1923) that higher concentration of dissolved oxygen in water 
is favorable for the development of chlorococcales. Gonzalves and 
Joshi (1946) have also supported the view of Howland (1931) who 
found large number of chlorophyceae when the pH of water was high. 
The maxima of chlorococcales, at different water temperatures, have 
been shown by different species. This indicates that the various 
species which constitute the bulk of the chlorophycean flora in these 
ponds react diversely at different temperatures. Chlorophyceae was 
the most dominant group in all the three ponds constituting about 
50.1 % in Medical Pond, 47.6 % in Pond I and 48.9 % in Pond II (Figs. 
36 a, b, c). In the present investigation, this group was represented by 
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the genera, Oedogonium, Characium, Scenedesmus, Crucigenia, 
Tetraspora, Spirogyra, Protococcus, Ulothrix, Microspora, 
Ankistrodesmus, Pediastrum, Actinastrum, Selenastrum, Tetraedron 
and Chlorella. In this group, Ankistrodesmus was the most dominant 
species in all the three ponds. Monthly occurrence of these genera for 
all three ponds is given in Tables 8 a, b, c. Chlorophyceae population 
ranged from 157 (October, 2006) to 228 No./ml (December, 2006) in 
Medical Pond, 132 (June, 2007) to 158 No./ml (January, 2007) in 
Pond I, 101 (September, 2007) to 160 No./ml (March, 2007) in Pond 
II. 
Oedogonium sp. : Cells are long and filaments unbrached 
(Edmondson, 1959). It was scarsely present in Medical Pond showing 
maximum value during September, 2007 (5 No./ml) and absent in 
most of the months. In Pond I, it was more or less uniformly 
distributed throughout the year showing maximum . number in 
September, 2007 (6 No./ml). In Pond II, its density varied from 1 - 6 
No./ml during different months of the study (Tables 8 a, b, c) (PLATE 
II). 
Characium sp. : It is unicellular and solitary. Cells are with 
differentiation of base and apex (Needham and Needham, 1962). It 
showed uneven distribution during study period in all the ponds, 
depicting maximum number in Medical Pond during September, 2007 
(40 No./ml). In Medical Pond, its distribution was irregular showing 
absence and presence during different months of the study (Tables 8 
a, b, c) (PLATE II). In Pond I, it was abundant during October and 
December, 2006 (11 No./ml) and September, 2007 (9 No./ml). In Pond 
II, it was exclusively found from October, 2006 to April, 2007 and then 
became absent during rest of the period. 
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Scenedesmus sp. : Cells form colonies, each of a single row (Needham 
and Needham, 1962). It was more in density in Medical Pond than 
Pond I and Pond II. In Medical Pond, it was more or less uniformly 
distributed, showing maximum values during February, 2007 (9 
No./ml), March, 2006 (8 No./ml), April, 2007 (8 No./ml) and August, 
2007 (9 No./ml). In Pond I, maximum densities were noted during 
April, 2007 (10 No./ml) and August, 2007 (11 No./ml). However, it 
was found absent during December, 2006 and January and February, 
2007 in the same pond. Pond II depicted maximum values during 
March, April and August, 2007 (9 No./ml) (Tables 8 a, b, c) (PLATE II). 
Crucigenia sp. : Cells are variable and united in a regular flat plate 
(Needham and Needham, 1952). In Medical Pond, it was found 
abundant during November, 2006, January, 2007, May, 2007, and 
September, 2007 showing polymodal pattern of distribution. In Pond I, 
maximum density (21 No. /ml) was recorded during March, 2007 
whereas, in Pond II, maximum density (15 No./ml) was recorded 
during March, 2007 and June, 2007 showing bimodal pattern of 
distribution (Tables 8 a, b, c) (PLATE II). 
Tetraspora sp. : Indefinite cells embedded in a copious gelatinous 
envelope (Edmondson, 1959). It was abundant during December, 
2006 (42 No./ml), March, 2007 (38 No./ml) and June, 2007 (39 
No./ml) in Medical Pond, whereas it was found totally absent in Pond I 
and Pond II (Tables 8 a, b, c) (PLATE III). 
Spirogyra sp. : Thallus is unbranched thread of many similar cells. 
Chloroplasts is of spiral bands (Needham and Needham, 1962). It had 
two peaks of maxima, first during November, 2006 (10 No./ml) and 
second during April, 2007 (12 No./ml) in Medical Pond. In Pond I, it 
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was abundant during November, 2006 (20 No./ml) and December, 
2006 (23 No./ml), while in Pond 11, it showed peaks during March, 
2007 (25 No./ml) and May, 2007 (32 No./ml) (PLATE II). 
Protococcus sp. : It is unicellular and globular or consisting of short 
few celled filaments and found in damp places (Needham and 
Needham, 1952). In all the ponds, its abundance was consistent, 
showing maximum population in Medical Pond throughout the period 
of investigation (Tables a, b, c). In Medical Pond, peaks were noted 
during winter, summer and monsoon months. In Pond, I peaks were 
seen during October, 2006 (21 No./ml), January, 2007 (22 No./ml), 
April, 2007 (24 No./ml) and September, 2007 (20 No./ml), whereas in 
Pond II, it was found regularly but in low profile (Tables 8 a, b, c) 
(PLATE II). 
Ulothrix sp. : Its chromatophore is a homogeneous zonate band, with 
one to several pyrenoids (Needham and Needham, 1962).Cells are 
shorter than wide or may be equal in dimensions (Edmondson, 1959). 
It was consistent in distribution in Medical Pond showing maximum 
distribution during winter months (Tables 8 a, b, c). In other Ponds, 
its distribution was regular showing presence in all the months of 
investigations (Tables 8 a, b, c) (PLATE II). 
Microspora sp. : Chromatophores are granular, covering more or less 
completely the whole cell wall (Needham and Needham, 1962). It was 
irregular in distribution in Medical Pond. It was found maximum 
during July, 2007 (18 No./ml). In Pond I, two peaks of abundance 
were found, first during January, 2007 (8 No./ml) and second during 
July, 2007 (15 No./ml), whereas in Pond II, its abundance was 
recorded throughout the period of investigation, also showing 
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maximum densities as compared to other Ponds (Tables 8 a, b, c) 
(PLATE II). 
Ankistrodesmus sp. : It is solitary or loosely grouped in irregular 
bundles (Needham and Needham, 1962). It was regular in distribution 
showing abundance during October, November, December, 2006 and 
April, May, June, 2007 with densities as 49, 43, 46, 47, 49 and 45 
No./ml, respectively in Medical Pond. In Pond I, it was abundant 
during October, 2006 (38 No./ml), November, 2006 (35 No./ml), 
December, 2006 (37 No./ml), May, 2007 (32 No./ml) and September, 
2007 (35 No./ml), whereas in Pond II, it showed less densities, but 
regular in distribution throughout the period of investigation (Tables 8 
a, b, c) (PLATE III). 
Pediastrum sp. : Cells are in a flat plate and colonial in nature 
(Needham and Needham, 1962). It was uneven in density distribution 
in Medical Pond, showing abundance during December, 2006 (30 
No./ml), January, 2007 (35 No./ml), February, 2007 (29 No./ml) and 
absence during April, 2007. In Pond I, it was rich during December, 
2006 and January, 2007 showing 25 No./ml and 23 No./ml 
respectively, whereas in Pond II, it was rich during October, 2006 and 
November, 2006 and March and June, 2007 showing consistent 
distribution (Tables 8 a, b, c) (PLATE III). 
Actinastrum sp. : Cells are united centrally at points of mutual 
contact (Edmondson, 1959). In Medical Pond, maximum numbers 
were recorded during May, 2007 (11 No./ml), June, 2007 (10 No./ml) 
and July, 2007 (12 No./ml) (Table 8 a). In Pond I, two peaks of 
maxima were noted during May, 2007 (10 No./ml) and second in 
August, 2007 (13 No./ml) (Table 8 b), whereas in Pond II only one 
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peak of abundance was found during December, 2006 (24 No./ml) 
(Table 8 c). Polymodal pattern was found in Medical Pond, bimodal in 
Pond I and unimodal in Pond II (Table 8 a, b, c) (PLATE III). 
Selenastrum sp. : Cells are lunate and arranged back to back. It is 
colonial in nature (Needham and Needham, 1962). It was unevenly 
distributed during the study period in Medical Pond, showing peak of 
abundance during February, 2007 (34 No./ml), absence during April 
and May, 2007 and low densities (6 and 5 No./ml) during June and 
September, 2007. In Pond I, it was consistently abundant throughout 
the period of investigation showing densities during most of the 
months (Table 8 b), whereas it was found totally absent in Pond II 
(PLATE III). 
Tetraedron sp. : It is tetrahedral to variously lobed or irregular 
(Edmondson, 1959). It showed maximum abundance during July and 
August, 2007 in Medical Pond. In the same Pond, it was found absent 
in the samples collected during post monsoon and summer months 
(Table 8 a). It was found totally absent in Pond I (Table 8 b), whereas 
in Pond II it was scarcely distributed and showed low densities (Table 
8 c) (PLATE III). 
Chlorella sp. : It is tetrahedral to variously lobed or irregular 
(Edmondson, 1959). It was more or less uniformly distributed in 
Medical Pond except for few months in which its occurrence was high 
as compared to other months during the study period (Table 8 a). In 
Pond I, it was found absent in all the samples collected during the 
whole period of investigation (Table 8 b). In Pond II, maximum values 
were noted as 6 No./ml (December, 2006) and 7 No./ml (January, 
2007) (Table c) (PLATE III). 
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Bacillariophyceae 
They are either unicellular or colonial forms (Wetzel, 1983). Most 
species are sessile and associated with littoral substrate. Diatoms 
contribute about 20-25% of the net primary productivity on the earth 
which is 1.4 X 1014 kg dry weight (Werner, 1977). 
They are sensitive to various physico - chemical conditions and 
there exists a vast literature pertaining to the type of environment 
they inhabit (Zafar, 1967; Palmer, 1969; Patrick, 1977; Kamat, 1981; 
Nautiyal, 1984; Haque, 1991; Gaur, 1998 and Hosmani, 2002). 
Many of the other genera from this group showed temporary 
disappearance and reappeared again on the return of favourable 
conditions. Diatoms are preferred food of many aquatic organisms in 
the upper trophic level and thus form the basis of productive fisheries 
(Ryther, 1969). Diatoms constitute the most important group of algae 
even though most species are sessile and associated with Httoral 
substrate (Wetzel, 1983). In fresh waters, they are commonly found in 
lakes, ponds, streams, rivers, reservoirs and sedimentation tanks. 
They may be free floating, sometimes forming water blooms or may 
inhabit bottom called benthos. When benthic, they may be epipelic i.e. 
growing on mud or sand, or epilithic i.e. growing on rocks. They may 
also be epiphytic i.e. attached to other plants by secretion of mucilage 
either as pads or as branched or unbranched stalks (Patrick, 1948). 
The most important factor, controlling the seasonal variations in 
diatoms, is the silicate concentration (Eloranta, 1982 and Mohan, 
1987a). They have estimated the importance of silica as a factor 
controlling the spatial and temporal distribution of the diatoms. The 
genera of bacillariophyceae are littoral in nature (Wetzal, 1983). In the 
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present investigation, this group was represented by the genera, 
namely Cydotella, Amphora, Diatoma, Navicula, Nitzschia, Synedra, 
Fragillaria, Gyrosigma, Gomphonema, Melosira, Stephanodiscus and 
Frustulia. Monthly occurrence of these genera in all the three ponds is 
given in Tables 8 a, b, c. Bacillariophyceae population ranged from 40 
(June, 2007) to 140 No./ml (September, 2007) in Medical Pond, 64 
(October, 2006) to 113 No./ml (February, 2007) in Pond I, 64 
(October, 2006) to 91 No./ml (February, 2007) in Pond II. 
Cydotella sp. : Cells are single, girdle side not sculptured and 
without spine (Needham and Needham, 1962). It was more or less 
uniformly distributed in Medical Pond, but in low profile, showing 
maximum density (3 No./ml) during November, 2006, March, 2007, 
and June, 2007. In Pond I, maximum density was recorded during 
during November, 2006 (6 No./ml), whereas in Pond II, it was more or 
less uniform in distribution throughout the year, but showed higher 
densities as compared to other ponds (Tables 8 a, b, c) (PLATE IV). 
Amphora sp. : Its valves are convex (Needham and Needham, 1962). 
It had showed abundance during February and March, 2007 (11 
No./ml) in Medical Pond. In Pond I, it was found absent throughout 
the period of investigation, whereas in Pond II it was abundant during 
January and February, 2007 and absent during June, July and 
August, 2007 (Tables 8 a, b, c) (PLATE IV). 
Diatoma sp. : Valves are with transverse ribs (Needham. and 
Needham, 1962). It was more or less uniform in distribution in 
Medical Pond, showing maximum values during February, May and 
during June, 2007 (Table 8 a). In Pond I, maximum values were 
recorded during February, May, June and July 2007, whereas in Pond 
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II, its distribution was regular and almost uniform throughout the 
period of investigation (Tables 8 b, c) (PLATE IV). 
Navicula sp. : Cells are straight in girdle view (Needham and 
Needham, 1962). It showed maximum densities during November, 
2006 (5 No./ml), February (5 No./ml) and March, 2007 (6 No./ml) in 
Medical Pond. In Pond I, it was found uniformly distributed showing 
maximum densities during November, 2006 (7 No./ml), February, 
March (7 No./ml), May (8 No. /ml), June (9 No./ml), July, August, 
2007 (7 No./ml) and September, 2007 (9 No./ml), whereas in Pond II, 
it was found regularly in all the samples, but in low profile (Tables a, 
b, c) (PLATE IV). 
Nitzshcia sp. : Its axis is lateral, less often median and punctate 
(Needham and Needham, 1962). It was uneven in both density and 
occurrence during the study period in Medical Pond, showing 
abundance during December, 2006 (24 No./ml) and January, 2007 
(26 No./ml) as compared to the other months of low density and 
absence (Table 8 a). In Pond I, its occurrence was consistent with 
higher densities (Table 8 b). Pond II too showed similar type of 
distribution with respect to occurrence and densities (Tables 8 c) 
(PLATE IV). 
Synedra sp. : Cells are single or forming fan like clusters (Needham 
and Needham, 1962). It showed abundance in Medical Pond during 
most of the months except during June, 2007 when it was recorded in 
lesser density as compared to other months. In Pond I, it was more or 
less uniformly distributed with higher densities during November and 
December, 2006 (21 No./ml) and May (26 No./ml), July (21 No./ml) 
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and September, 2007 (18 No./ml). It was found absent throughout the 
period of investigation in Pond II (Tables 8 a, b, c) (PLATE IV). 
Fragillaria sp. : Cells are in filament or zig zag chains and valves are 
flat (Needham and Needham, 1962). It was irregularly distributed in 
Medical Pond, being present only during October, 2006 (2 No./ml), 
May, 2007 (2 No./ml) and July, 2007 (3 No./ml) (Table 8 a). Pond I 
and Pond II showed complete absence of the genus in the samples 
(Tables 8 b, c) (PLATE V). 
Gyrosigma sp. : Raphe strongly sigmoid (Needham and Needham, 
1962). It had three peaks of maxima, first during December, 2006 (13 
No./ml), second in February, 2007 (13 No./ml) and third during July, 
2007 (9 No./ml) in Medical Pond (Table 8 a). In Pond I, it was more or 
less uniform in distribution during the study period, whereas in Pond 
II, it showed maximum density (15 No./ml) during February, 2007 
(Tables 8 b, c). It was also abundant during March (11 No./ml), April, 
May (10 No./ml) and July, 2007 (10 No./ml) in Pond II (PLATE V). 
Gomphonema sp. : It's valves are longitudinally symmetrical and 
cells are straight in girdle view (Needham and Needham, 1962). It was 
rarely found in Medical Pond showing presence only during November, 
2006 (6 No./ml) and September, 2007 (7 No./ml) (Table 8 a). In Pond 
I, it v/as more or less uniformly distributed throughout the year, 
ranging from 1 No./ml (Februaiy, May 85 June, 2007) to 7 No./ml 
(September, 2007), whereas in Pond II the maximum density was 5 
No./ml during November, 2006 and September, 2007, being more or 
less uniform in density during the rest of the year (Tables 8 b, c). It 
was also found absent during December, May and June, 2007 (PLATE 
V). 
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Melosira sp. : Cells form filament. Its girdle is sculptured and valve 
uniformly marked (Needham and Needham, 1962). It was abundantly 
found during October, 2006 (48 No./ml), August, 2007 (45 No./ml) 
and September, 2007 (42 No./ml) in Medical Pond (Table 8 a). In Pond 
I, four peaks of maxima were noted during November, 2006 (13 
No./ml), February and March, 2007 (20 No./ml), May, 2007 (25 
No./ml) and September, 2007 (13 No./ml) (Table 8 b), whereas in 
Pond II, three peaks of maxima were found, first during November, 
2006 (14 No./ml) second in April, 2007 (25 No./ml) and third in 
September, 2007 (15 No./ml). It was also found in higher quantities 
during February, March, May and June, 2007 (Tables 8 c), (PLATE V). 
Stephanodiscus sp. : Cells are single and girdle side not sculptured, 
with circle of cilia (Needham and Needham, 1962). It had uneven 
density distribution in Medical Pond, but showed abundance during 
March, 2007 (32 No./ml) and April, 2007 (33 No./ml). It was found 
absent during most of the months (Table 8 a). In Pond I, it was found 
abundant during February, 2007 (16 No./ml), April, 2007 (9 No./ml) 
and May, 2007 (11 No./ml) (Table 8 b), whereas in Pond II, higher 
densities were found during October, 2006 (11 No./ml), March, 2007 
(15 No./ml) and September, 2007 (11 No./ml) (Table 8 c) (PLATE V). 
Frustulia sp. : Cells are straight in girdle view (Needham and 
Needham, 1962). It was sparsely distributed in Medical Pond showing 
presence only during winter months (Table 8 a). In Pond I, higher 
densities were noted during February and March, 2007 (11 No./ml) 
and September, 2007 (12 No./ml) and absent during July and August, 
2007 (Table 8 b). In Pond II, it showed higher densities during 
November, 2006 (12 No./ml) and December, 2006 (13 No./ml) and 
February, 2007 (11 No./ml), and found absent during May, June and 
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July, 2007 (Table 8 c). Absence in all the three ponds during monsoon 
months (Tables 8 a, b, c) was mainly due to unfavorable and disturbed 
conditions during these months (PLATE V). 
Euglenophyceae 
Although euglenophyceae is a relatively large and diverse group, 
few species are truly planktonic (Wetzel, 1983). Almost all euglenoids 
are unicellular, lack a distinct cell wall and posses one, two or even 
three flagella that arise from an invagination in the cell membrane. 
They are rich in shallow water bodies which are having rich organic 
matter (Wetzel, 1983). They are facultative, heterotrophic and 
generally abundant in waters rich in organic matter. The ecological 
distribution of euglenoids has been studied in detail by Rao (1955), 
Zafar (1959), Philipose (1960), Singh (1960), Munawar (1970), Singh 
and Swaroop (1979), Saxena (1982), Haque (1991) and Hosmani 
(2002) in Indian freshwaters algal species belonging to this group 
show higher tolerance to organically polluted areas (Palmer, 1969), 
thus can be used as biological indicator of organic pollution. In the 
present study, euglenoids were represented by only two genera, 
namety Euglena sp. and Phacus sp. Both of these showed continuous 
presence in all the three ponds throughout the investigation period. 
Kumar and Gupta (2002) found that high nutrients support the 
maximum growth of euglenoids in Bakshiband Pond as compared to 
Rasikpur Pond with low nutrients and high dissolved oxygen content. 
In the present investigation, generally a positive correlation was found 
showing that nutrients support the growth of euglenoids except in few 
cases where negative correlation was obtained (Table 10, Figs. 23, 24, 
25). 
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According to Wetzel (1964), development of euglenophyceae 
occurs most oftenly in monsoon season, strata or systems in which 
concentration of ammonia and dissolved organic matter is high. In the 
present study, euglenoids were found in good numbers, reflecting the 
idea that they may be highly resistant to the changing environmental 
conditions. In the present investigation, this group was represented by 
the following genera Euglena sp. and Phacus sp. These are planktonic 
in nature and found in shallow water (Wetzal, 1983). Monthly 
occurrence of these genera for all three ponds is given in Tables 8 a, b, 
c. The population ranged from 16 (November, 2007) to 29 No./ml 
(July and August, 2007) in Medical Pond, 7 (November, 2006) to 27 
No./ml (March, 2007) in Pond I, 20 (October, 2006 and April and May, 
2007) to 38 No./ml (January, 2007) in Pond II. 
Euglena sp. : It may form green scum on water and has pigmented 
eye spot (Edmondson, 1959). It had two peaks of occurrence during 
the year in Medical Pond, first during January, 2007 (18.No./ml) and 
second in August, 2007 (18 No./ml) (Table 8 a). In Pond I, it was 
present during most of the months, showing variations from 5 - 1 5 
No./ml during different months of investigation (Table 8 b). In Pond II, 
higher densities were recorded during December, 2006 (15 No./ml), 
January, 2007 (17 No./ml), Februaiy, 2007 (16 No./ml), March, 2007 
(16 No./ml) and July, 2007 (15 No./ml) showing almost uniform 
distribution (Table 8 c) (PLATE VI). 
Phacus sp. : Body is flattened and often ridged (Edmondson, 1959). It 
was more or less uniform in density in Medical Pond showing 
variations from 6 - 15 No./ml during different months of study (Table 
8 a). In Pond I, it had two peaks, first during March, 2007 (12 No./ml) 
and June, 2007 (14 No./ml) (Table 8 b). In Pond II, higher densities 
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were found during January to March, 2007. O^n^^pf^lc-ef^^undance 
was also recorded during August and September, 2007 (16 & 17 
No./ml) (Table 8 c) (PLATE VI). 
Desmidiaceae 
According to Lefevere et al. (1952), blue - green algae have 
antagonistic effect on the distribution of desmids. The waters, 
possessing desmids as dominant phytoplankton, are chemically 
distinct from those which are rich in diatoms and blue-green algae 
(Welch, 1952 and Goldman and Home, 1983). Closterium sp. and 
Cosmarium sp. occurred in all the three ponds throughout the study 
period. Hosmani (2002) opined that small water bodies have more 
myxophyceae and less desmids while large water bodies have less 
myxophyceae and more desmids. Desmids are exclusively freshwater 
plants and not a single species is found in sea (Plaskitt, 1997). They 
are typically found in acid bogs, in very dilute waters, low in 
electrolytes, and in oligotrophic lakes. This group is second last in 
population abundance. Hutchinson (1975) and Goldman and Home 
(1983) have reported that waters possessing desmids as a dominant 
group were in chemical sense distinct from those which are rich in 
diatoms and blue-green algae. Same was found in the present study 
as they showed negative correlation with diatoms in Pond I (r = -0.333) 
and Pond II (r = - 0.014).However, a positive correlation was obtained 
in case of Medical pond (r = 0.448). (Table 10, Fig. 22). Von Oye (1934) 
attributed the paucity of desmids in Belgium freshwaters to their 
eutrophic expression and has interpreted in terms of organic matter, 
dissolved oxygen, average depth and bottom fauna. In the present 
study, they were recorded throughout the study period in all the three 
ponds. Ponds under study possess Closterium sp. throughout the 
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period of investigations. These waters showed dominance of 
chlorophyceae and myxophyceae, which might be another reason for 
the low population density of desmids. A negative correlation of 
desmids with green algae was obtained in Pond II (r = - 0.645) and 
Medical Pond (r = - 0.225), whereas a positive correlation was found in 
Pond I (r = 0.267) (Table 10, Fig. 21). With myxophyceae, desmids 
showed negative correlation in Medical Pond (r = - 0.105), and positive 
in Pond I (r = 0.194) and Pond II (r = 0.298) (Table 10, Fig. 20). 
Generally speaking, the greater the number of blue-green algae in a 
particular pond, the lesser will be the desmids in its water. Wetzel 
(1975) and Goldman and Home (1983) have also reported desmids 
being less abundant in the water bodies having rich in organic matter. 
Pearsall (1932) and Rao (1955) have reported the abundance of 
desmids in summer season. Forehne (1939) believe that acidic waters 
support rich desmid flora while Von Oye (1934) pointed out that with 
the rise in pH the population of desmids also increases. Same 
relationship of desmids with pH was seen in the present study, as 
they showed positive correlation with pH in all the three ponds 
(Medical Pond: r = 0.360, Pond I: r = 0.431 and Pond II: r = 0.164) 
(Table 10, Fig. 19). In the present investigation, this group was 
represented by the genera, namely Closterium sp., Cosmarium sp., 
Desmidium sp. and Netrium sp. Monthly occurrence of these genera for 
all three ponds is given in Table 8 a, b, c. Desmidiaceae population 
ranged from 20 (January, July and August, 2007) to 50 No./ml (May, 
2007) in Medical Pond, 13 (March, 2007) to 26 No./ml (October, 2006) 
in Pond I, 18 (April, 2006) to 29 No./ml (Januaiy, 2007) in Pond II 
(Tables 8 a, b, c). 
Closterium sp. : Cells with or without constriction and are strongly 
attenuated towards each extremity (Needham and Needham, 1962). It 
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was abundant during October, 2006 (19 No./ml) November, 2006 (17 
No./ml), June, 2007 (17 No./ml), July, 2007 (19 No./ml), August, 
2007 (20 No./ml) and September, 2007 (20 No./ml) in Medical Pond 
(Table 8 a). In Pond I, two peaks were found, first during April, 2007 
(15 No./ml) and second during October, 2006 (19 No./ml) (Table 8 b), 
whereas in Pond II, it was abundant during October, 2006 (17 
No./ml), November, 2006 (19 No./ml), December, 2006 (18 No./ml), 
January , 2007 (17 No./ml), June, 2007 (20 No./ml), July 2007 (21 
No./ml) and August, 2007 (24 No./ml) (Table 8 c). The distribution 
was almost regular in all the three Ponds (Tables 8 a, b, c) (PLATE VI). 
Cosmarium sp. : Cells with a more or less entire margin, often 
furnished with warts or spines (Needham and Needham, 1962). In 
Medical Pond, its densities varied from 7 (December, 2006 - February, 
2007) to 19 No./ml (May, 2007), as well as showing absence during 
July - September, 2007 (Table 8 a). In Pond I, it was found to vary 
from 3 (June and July, 2007) to 7 No./ml (January and February, 
2007). In this pond, it was also found absent during August and 
September, 2007 (Table 8 b). In Pond II, it was sparsely distributed, 
showing maximum density during January, 2007 (9 No./ml) and 
absence during April - July, 2007 (Tables 8 c) (PLATE VI). 
Desmidium sp. : Cells are short. They may be circular with produced 
angles (Needham and Needham, 1962). It showed higher densities 
during October, 2006 (7 No./ml), December, 2006 (5 No./ml), March, 
2007 (6 No./ml), June, 2007 (5 No./ml) and September, 2007 (6 
No./ml) in Medical Pond (Table 8 a). It showed lower densities in Pond 
I as compared to Medical Pond and Pond II, showing maximum 
densities during October, 2006 and July, 2007 (Table 8 b). In Pond II, 
it varied between 2 No./ml (September, 2007) to 6 No./ml (June, 
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2007) showing absence during July and August, 2007 (Table 8 c) 
(PLATE VI). 
Netrium sp. : Cells are cylindrical (Needham and Needham, 1962). It 
was irregular in occurrence in all the three ponds (Tables 8 a, b, c) 
showing higher densities in Medical Pond during February, 2007 (30 
No./ml), March, 2007 (25 No./ml) and May, 2007 (14 No./ml). It was 
found absent during winter and monsoon months (Table 8 a). In Pond 
I, it was sparsely distributed showing low profile during June to 
September, 2007 (2 No./ml) and absence during most of the months, 
whereas in Pond II, the distribution was irregular with low densities 
(Tables 8 b 85 c) (PLATE VI). 
ii) ZOOPLANKTON 
They form the most important animal group of aquatic 
environment constituting a major portion of the diet of fish and other 
aquatic organisms. The majority of economically important freshwater 
teleosts are known to pass through stages in their life history when 
they subsist on zooplankton for food. Besides, many adult major carps 
of commercial importance are reported to feed selectively on these 
organisms. They constitute an important link in food chain as 
consumer (primary and secondary consumers) and serve as food for 
fishes, directly or indirectly. Therefore, any adverse effect on them will 
be reflected in the wealth of fish population. Morphometry of the water 
body, abundance of food and organic matter are the factors that 
influence the abundance and diversity of zooplankton (Hazelwood and 
Parker, 1961). Interspecific and intraspecific factors are also known to 
influence the distribution and abundance of zooplankton.. 
According to Patalas (1972), population of zooplankton increases 
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with increase in temperature. Same relationship of zooplankton 
population with water temperature was seen in the present study, as 
they showed positive correlation with water temperature in all the 
three ponds (Medical Pond: r = 0.498, Pond I: r = 0.106 and Pond II: r 
= 0.673) (Table 10, Fig. 14). Zooplankton with dissolved oxygen 
showed negative correlation in all the three ponds (Medical Pond: r = -
0.652, Pond I: r = - 0.316 and Pond II: r = - 0.213) (Fig. 8, Table 10). 
With pH, it had negative correlation in MP (r = - 0.176) and Pond II (r 
= - 0.177) whereas positive in Pond I (r = 0.062) (Fig. 15, Table 10). 
Zooplankton with P04_P showed negative correlation in MP (r = -
0.151) whereas positive in Pond I (r = 0.545) and Pond II (r = 0.807) 
(Fig. 9, Table 10). With NO3-N, it showed positive correlation in MP (r = 
0.129) and Pond I (r = 0.060) whereas negative in Pond 11 (r = - 0.244) 
(Fig. 11, Table 10). 
Daphnids and Chydorids are responsible for the higher diversity 
of Cladocera in India (Sharma and Michael, 1987). Their distribution 
is primarily determined by water movements and mixing. They vary in 
size from ultra to macro zooplankton. 
As per Gannon and Stemberger (1978), the role of zooplankton, 
as indicators of trophic conditions, has been acquired mostly on 
investigations on lakes in cold temperate region. The warm tropical 
water bodies were paid a little attention and, therefore, zooplankton 
have been a subject of study by many workers within and outside 
country. Important contributions on zooplankton diversity are those of 
Arora (1961), Hazelwood and Parker (1961), Nayar (1965), Khan 
(1969), Mahajan and Singh (1973), Rajendran (1973), Rao and Mohan 
(1977), Gulati (1978), Pennak (1978), Verma et al (1978), Fernando 
(1980), Victor and Fernando (1979), Mahajan (1981), Dumont and 
Pensaert (1983), Pejler (1983), Sharma (1983, 1987, 1991, 1996, 
2001, 2001a 86 2001b), Sladecek (1983), Lin and Fernando (1985), 
Patil and Gouder (1985), Sharma and Michael (1987), Hazarika and 
Dutta (1988), Michael and Sharma (1988), Reddy (1994 & 2001), 
Sharma and Sharma (1990 Ss 1997), Battish (1992), De Smet (1995 & 
1996), Segers (1995 & 2001), Sarwer and Parveen (1996), Nayar et al. 
(1999), Sharma and Wanswett (1999), Singh (2000), Reddy (2001), 
Hosmani (2002), Khan (2003), Pluiraite (2003), Sharma and Lyngdoh 
(2003), Sharma and Lyngskor (2003), Jeelani et al. (2004), Brucet et 
al. ( 2006), Rao et al. (2006), Ansari et al. 2007 a) and Mukhopadhyay 
etal. (2007). 
Zooplankton respond to various physico-chemical factors 
including nutrient loading (Mc Cauley and Kalff, 1981), acidification 
(Keller et al, 1993 and Marmorek and Korman, 1993), contaminants 
(Yan et al, 1996), fish density (Carpenter and Kitchell, 1993), 
sediment inputs (Cucker, 1997) and cyclomorphic changes (Khan and 
Alam, 1999 and Alam et al, 2002 85 2002 a). 
In the present investigation, zooplankton comprise four major 
groups, namely Rotifera, Cladocera, Copepoda and Ostracoda along 
with Eggs and Nauplii. Total zooplankton ranged from 250 (May, 
2007) to 456 No./L (November, 2006) in Medical Pond, 242 (April, 
2007) to 291 No./L (January, 2007) in Pond I and 214 (January, 
2007) to 255 No./L (September, 2007) in Pond II (Table 7, Fig. 38). 
Population density is given in Tables 9 a, b, c and percent composition 
of different groups of zooplankton during the study period in the three 
ponds is shown in Figures 37 a, b, c. Zooplankton varied qualitatively 
and quantitatively in various seasons due to prevailing favourable and 
unfavorable conditions. They are also regarded as the best indicator of 
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the environmental condition in which they live. The zooplankton, as 
indicators for the assessment of water pollution, have the following 
advantages: 
1. They are sufficiently large and easy to identify. 
2. Samples can be collected easily and processed rapidly. 
3. Their reproductive cycle is reasonably short to enable them to 
study through several generations in a relatively short time. 
4. Some of the commonly occurring species of Daphnia, Cyclops 
and Brachionus etc. can be easily cultured to ensure constant 
supply for experimental purpose. 
5. They respond more quickly to environmental changes than 
fishes which have been traditionally used as indicators of water 
quality. 
Cladocera 
Although cladocera was invariably treated as a distinct order 
under the Branchiopoda during their nearly three centuries old 
taxonomic history, the recent developments during the last couple of 
decades raised questions regarding their phylogenetic relationships 
and composition of the branchipods (Dodson and Frey, 1991) in 
general and the classification of this group in particular. The status of 
cladocera is, therefore, controversial. Based on traditional 
morphological analysis, cladocera is now regarded as an artificial 
group representing four orders of Branchiopoda, namely Ctenopoda, 
Anomopoda, Onychopoda and Haplopoda (Korovehinsky,- 2000). This 
group is even incorporated in different sub classes of Crustacea 
(Starobogator, 1986 and Fryer, 1987). The importance of cladocera in 
the trophic dynamics of freshwater systems, being the main 
component of zooplankton, has long been recognized (Sinha and 
Khan, 1998). They are the cousumers of first order, directly drawing 
energy from primary producers of the ecosystem viz. phytoplankton. 
In turn, they form the food for planktivorous fishes and other 
invertebrates, transferring energy to higher trophic levels. Beside, they 
have also been reported to be reliable indicator of eutrophic nature of 
water bodies (Sinha and Khan, 1998 and Sharma, 2001). The 
cladoceran in general and the representatives of the largest family 
Chydoridae in particular are considered to be excellent guide forms in 
paleo-limological endeavors and help in resurrecting the trophic 
history of ancient lakes and reservoirs (Sharma, 2001). The 
cladoceran fauna of India appears to be reasonably rich and 
diversified. They serve as major prey item for many species of 
invertebrates and vertebrates and invariably comprise food of fry, 
fmgerlings and adults of many economically important and cultivable 
species of fishes. Gulati (1978) stated that if the food supply is high or 
increasing for a stretch of time, cladocerans usually level up high in 
number and biomass to dominate lake zooplankton. Their status was 
lastly reviewed by Sharma and Michael (1987) and Sharma (1991, 
2001). Chourasia and Adoni (1985) stated that the decline in the 
number of cladocerans in the presence of sufficient food might be due 
to fish predation and competition for food between cladocerans and 
other zooplankton groups. 
Maximum cladoceran density during winter was reported by 
Khan and Siddiqui (1974), whereas Khan et ah (1986) have reported 
higher numerical strength of cladocera during summer. It is well 
known that owing to their size and relatively high intrinsic rates of 
population increase, cladocerans are the most important.zooplankton 
component in fresh water in its functional role of phytoplankton 
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grazing. Cladocerans are herbivorous plankton feeders and feed 
mainly on algae. Moreover, in the smallest size cases, detritus and 
bacteria are utilized as food along with algae (Tifnuoti et al, 1994). 
Significant work has been done on these organisms in the past 
by Smirnov (1976), Chiang and Du (1979), Pennak (1978), Wetzel 
(1983), Fernando and Kanduru (1984), Sharma and Michael (1987), 
Michael and Sharma (1988), Sharma and Sharma (1990), Sharma 
(1991 & 2001), Dumont (1994), Shiel (1995), Ingram et al. (1997), 
Olesan (1998), Sinha and Khan (1998) and Negra et al. (1999). 
Individual species density revealed significant differences among 
different ponds. 
Their occurrence in these ponds have showed wide fluctuations 
in their existence providing evidences of favourable and unfavourable 
conditions due to incoming sewage effluents and other surface run off 
from the catchment areas during the period of investigation. The 
littoral and limenitic cladocerans contribute significantly to biological 
productivity and energy flow in freshwater environs because of their 
rapid turn over rates and capability to build up substantial 
populations within short periods of time. Algae and protozoa have 
often been assumed to be the chief foods but it is now well known that 
organic detritus of all kinds, as well as bacteria, are very important 
and commonly form the great bulk of ingested material (Pennak, 
1978). 
Besides, various species of this group are regarded as useful 
indicators of water quality. Further, the members of this group are 
also increasingly employed in environmental toxicological endeavors 
and bio-assay experiments. 
85 
They inhabit almost all sorts of freshwater biotopes and 
frequently occur in the littoral, limnetic, benthic, interstitial and 
groundwater environs (Sharma, 2001). Intensive culture of selected 
species of Daphnia and Moina is often practiced for. their mass 
production as supplementary live fish food for various pisciculture 
and aquaculture practices. 
Cladocera is represented by species of Daphnia, Diaphanosoma, 
Ceriodaphnia, Simocephalus, Bosmina and Moina. Monthly occurrence 
of these genera in all the three ponds is given in Tables 9 a, b, c. Total 
percent contribution of cladocerans ranged from 23.3 % during 
September, 2007 to 44.4 % in January and May, 2007 in Medical 
Pond, 28.2 % during October, 2006 to 48.8 % in January, 2007 in 
Pond I and 24.1 % during November, 2006 to 48.9 % in May, 2007 in 
Pond II (Fig. 37 a, b, c). 
Daphnia and its relatives move by a series of hops produced by more 
rapid and less vigorous strokes (Pennak, 1978). Species of Daphnia 
are invariably encountered in ephemeral pools, small ponds and lakes 
(Sharma, 2001). Genera like Daphnia, Diaphanosoma, Ceriodaphnia, 
and Bosmina are limnetic in nature (Sharma, 2001). 
Daphnia pulex : Anterior margin of head is broadly rounded, 
sometimes almost a straight line, normal to body axis, in lateral view 
(Edmondson, 1959). It was more or less uniformly distributed in all 
the three ponds. In Medical Pond and Pond I, higher densities were 
noted during October and November, 2006 (17 No./L), December, 
2006 (19 No./L), January 2007 (20 No./L) and February and March, 
2007 (19 No./L) (Table 9 a, b). In Pond II, it showed maximum 
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densities during April to September, 2007 and absence during winter 
months (Table 9 c) (PLATE VII). 
Daphnia similis : It has a long shell spine (Edmondson, 1959). It was 
moderately distributed throughout the year in Medical Pond, Pond I 
and Pond II, except in the cases of Pond II, where it was found absent 
during November and December, 2006 (Tables 9 a, b, c). In Medical 
Pond, two peaks were recorded, first during January, 2007 (25 No./L) 
and second in April, 2007 (19 No./L). In Pond I, it was uniformly 
distributed showing only one peak during January, 2007 (20 No./L), 
whereas, in Pond II, it was poorly distributed as compared to Medical 
Pond and Pond I, showing maximum densities during June and July, 
2007 (12 No./L) and absence during November and December, 2007 
(Tables 9 a, b, c) (PLATE VII). 
Daphnia carinata : Daphnia carinata is a species of remarkable 
variations having eight different morphological varieties (Sars, 1914). 
The most usual appearing morph in these ponds is Daphnia carinata 
forma typica, renamed simply Daphnia carinata by Hebert (1977). It is 
a large, robust daphnid somewhat resembling the North American 
Daphnia magna having greatly expanded head and anterior dorsal 
regions with dorsally curving hood like expansion (John O' Brien and 
Vinyard, 1978). It was found abundant during December, 2006 and 
July, 2007 (42 No./L) and August, 2007 (49 No./L) in Medical Pond. 
In Pond I and Pond II, it was found abundant during May, 2007 to 
August, 2007 and May, 2007 to September, 2007, respectively. The 
peaks were noted during January, 2007 and August, 2007 in Pond I, 
whereas, in Pond II, peaks were found during January (21 No./L), 
July, 2007 (35 No./L) and October, 2007 (27 No./L) (Tables 9 a, b, c) 
(PLATE VII). 
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Daphnia rosea : Its shell spine is slender and weak. This species 
frequently bears a low rounded crest on the dorsal margin of the head 
but never produced into helmet (Edmondson, 1959). In Medical Pond 
its higher densities were noted during December, 2006 (13 No./L), 
January (16 No./L), February, 2007 (17 No./L), March, 2007 (15 
No./L) and in June, 2007 (14 No./L). In Pond I, higher densities were 
recorded during January and February, 2007 (17 No./L), March, 2007 
(16 No./L) and in June, 2007 (15 No./L). In Pond II, it was richly 
distributed during January, 2007 to April, 2007 showing more or less 
uniform distribution throughout the investigation period except 
during July, 2007 when it was found absent (Tables 9 a, b, c) (PLATE 
VII). 
Daphnia galeata : It's head is produced anteriorly into a broad 
helmet. It may be sharply or bluntly pointed, of various shapes 
(Edmondson, 1959). It was uniformly and sparsely distributed 
throughout the year in all the three ponds. It was richly distributed in 
Medical Pond and Pond I showed similar pattern of abundance during 
November and December, 2006 (11 No./L and 13 No./L), January, 
2007 (12 No./L), February, 2007 (10 No./L), March, 2007 (11 No./L) 
except during the month of April, 2007 and May, 2007 but found 
absent during rest of the period (Tables 9 a, b). In Pond II, it showed 
almost uniform distribution with absence during November, 
December, 2006 and July to September, 2007 (Table 9 c) (PLATE VII). 
Diaphanosoma sp. : It has a terminal olfactory setae. Postabdomen 
is without anal spines (Pennak, 1978). It is limnetic in nature 
(Sharma, 2001). Ocellus is absent (Edmondson, 1959). It was rarely 
found in Medical Pond during the period of investigation showing 
maximum density during September, 2007 (9 No./L) (Table 9 a). In 
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Pond I and Pond II, it was sparsely distributed showing variations in 
different months of the investigations (Tables 9 b, c) (PLATE VII). 
Ceriodaphina reticulata : Body is rounded to oval. It is usually 
terminating posteriorly into a sharp dorsal angle or short spine. Head 
is small and depressed. It is limnetic in nature (Sharma, 2001). It was 
more or less uniformly distributed in all the three ponds. In Medical 
Pond, it was abundant during November, 2006 (28 No./L), June, 2007 
(27 No./L) and July, 2007 (33 No./L) (Table 9 a), whereas, In Pond I, 
it was abundant during April to August, 2007 (Table 9 b). In Pond II, 
abundance was found during January, 2007 (17 No./L) and May to 
August, 2007, ranging between 17 - 20 No./L (Table 9 c) (PLATE VIII). 
Simocephalous sp. : Body is large and quadrate. Head and rostrum 
are small. Ocellus rhomboidal, rounded or elongated. Postabdomen is 
large and broad (Sharma, 2001). It was more or less uniform in 
distribution in Medical Pond during October to December, 2006 and 
January and February, 2007. It was found absent during March to 
July, 2007. It was noted in low density during August and September, 
2007 (Table 9 a). In Pond I, higher densities were found during 
January to March, 2007 (Table 9 b), whereas in Pond II, it was rich in 
densities during December, 2006 and January to May, 2007 (Table 9 
c) (PLATE VIII). 
Bosmina sp. : Antennules are almost parallel to each other, curving 
backward. Post abdomen is almost quadrate, anus is terminal, oral 
denticles small and inconspicuous (Sharma, 2001). It was uniformly 
distributed in all the three ponds. In Medical Pond and Pond I, it 
ranged between 2 - 12 No./L during different months of 
investigations. It was also found absent in the samples collected 
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during October, 2006 and July, 2007 in both the ponds (Tables 9 a, 
b). In Pond II, its density was less as compared to Medical Pond and 
Pond I, ranging from 1 to 5 No./L during the investigation period 
(Table 9 c) (PLATE VIII). 
Moina micrura : Body is thick and heavy. Antennules large, movable 
and arising from flat ventral surface of head. It is commonly found in 
muddy pools and eutrophic ponds (Sharma, 2001). It was more or less 
uniformly distributed in Medical Pond and Pond I, showing variations 
from 4 - 1 1 No./L in different sampling months. It was also found 
absent during October, 2006 and August to September, 2007 (post 
monsoon months) (Tables 9 a, b), whereas in Pond II, it was also 
detected in good numbers with absence in Post - monsoon months 
(Table 9 c) (PLATE VIII). 
Copepoda 
Copepods are very ancient arthropods and the diminutive 
relatives of crabs and shrimps. In terms of their size diversity and 
abundance they are often called "water fleas" (Reddy, 2001). Till now, 
over 10,000 copepod species are known including thousands of free 
living species with highly varying body shapes and a large number of 
parasitic and semi parasitic forms with extremely reduced morphology 
(Reddy, 2001) . They are significant primary and secondary consumers 
in aquatic food chains. Their grazing contributes to the transfer of 
algal primary production to higher trophic levels. In other words, 
copepods can make organic material available to higher trophic levels 
in a larger pellet form thus saving the foraging energy of their 
predators. Some cyclopoids, such as Micwcylops, Megacyclops and 
Mesocyclops can be used as biological agents in mosquito control and 
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Paracyclops to control plant parasitic nematodes (Reddy, 2001). 
Copepods can be directly collected in appreciable quantities from 
nature or cultivated on mass scale and offered as live food to fish 
larvae in commercial aquacultural practices. Economically, there may 
also be negative effects exercised by copepods. For example, as 
parasites, they can at times cause serious losses to fisheries and 
aquaculture (Reddy, 2001). It is well known that cyclopoids, mostly 
Mesocylops spp., act as vectors of human parasites of which the most 
important one is the guinea worm, Dracunculus medinensis, causing 
Dracunculosis (Reddy, 2001). Copepods are known as significant 
chitin producers in planktonic and benthic ecosystems (Reddy, 2001). 
A plankton sample from the open waters of any pond or lake will 
always contain copepods (Cole, 1983). The food consists mostly of 
unicellular plants and animals, small metazoans, as well as organic 
debris, and it has now been well established that debris may, under 
some circumstances, form the majority of material ingested (Pennak, 
1978). Cannibalism on immature stages is common in this group of 
animals (Pennak, 1978). 
A vast majority of copepods are confined to marine and brackish 
waters, only a small fraction, about 2000 species, inhabit freshwaters 
(Reddy, 2001). Tonapi (1980) described that they inhabit, many of the 
habitats such as lakes, reservoirs, wetlands, tanks, ponds and pools. 
Free living copepods are separable into three distinct groups, the 
Calanoida, Cyclopoida and Harpacticoida (Wetzel, 1983). Members of 
the families Cyclopidae in the Cyclopoida and Diaptomidae in the 
Calanoida, are highly successful in the freshwaters and mostly 
represent the Indian planktonic copepods (Reddy, 2001). Copepods 
are reported to be third in abundance after cladocerans and rotifers 
but higher than ostracoda. In the present study, among the major 
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groups of zooplankton, the copepods were found to be less abundant 
in all the three ponds. 
Seasonal variations in group has been reported by Patil and 
Goudar (1985) and Kaushik and Sharma (1994). According to Chen 
(1965), seasonal changes in temperature cause the seasonal 
fluctuations of copepods. Among the representative species of 
copepods, Cyclops viridis dominated the group in these ponds followed 
by Diaptomus sp. and other representative species. 
Some species disappeared under unfavorable conditions and 
reappeared when the conditions became favorable. Copepods have 
been reported to be good indicators of water quality (Khan and Rao, 
1981 and Mahajan, 1981). According to Swar and Fernando (1980), 
physico - chemical qualities of water are the major influencing factors 
for the variation in the diversity of zooplankton organisms. Availability 
of the food increases the number of copepods by increasing the 
production of their nauplii larvae (Mathew, 1985). 
Although copepods exist under a wide range of environmental 
conditions, yet many species are limited by temperature, dissolved 
oxygen and other physico - chemical factors (Mahajan, 1981). During 
the present investigations, the occurrence of egg bearing females, 
nauplii and copepodite stages was found in almost all the months of 
the investigation period. This indicates their continuous breeding 
behaviour without being affected by prevailing environmental 
conditions. Kaushik and Sharma (1994) have reported seasonal 
variations in this group. Maximum population of copepods during 
summer might be due to prolonged periods of reproduction with 
several generations, thereby, increasing the population (Wetzel, 1983). 
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Cannibalism is also seen in some copepods (Cole, 1983). In most 
lakes, the limnetic copepods are monotonous, as it is composed of one 
dominant cyclopoid, like in the present study, Mesocyclops hyalinus is 
the dominant species, as also reported by Pennak (1978). 
Vast literature exists on the diversity of copepods like those of 
Rajendran (1973), Mamaril and Fernando (1978), Fernando (1980), 
Swar and Fernando (1980), Dussert and Fernando (1985), Hazarika 
and Dutta (1988), Reddy (1994 & 2001), Nayer et al. (1999), Pathak 
and Mudgal (2002), Prakash et al. (2002), Sharma and Lynghdoh 
(2003), Sharma and Lyngoskar (2003), Jeelani et al (2004), Surkad 
(2004), Menzar et al (2005), Rao et al (2006) and Ansari et al (2007 
a) etc. 
Copepods were represented by Cyclops viridis, Mesocyclops hyalinus, 
Mesocyclops leuckarti, Diaptomus sp. and Cletocamptus sp. Monthly 
occurrence of these genera in the studied ponds is given in Table 9 a, 
b, c. Total percent contribution of copepods ranged from 17.4 % 
during January, 2007 to 31.7 % in September, 2007 in Medical Pond, 
15.7 % during May, 2007 to 24.7 % in October, 2006 in Pond I and 
10.6 % during June, 2007 to 24.7 % in September, 2007 in Pond II 
(Fig. 37 a, b, c). 
Cyclops viridis : Caudal setae are four in number and unequal in 
length. Innermost terminal caudal setae much longer than ramus. 
(Edmondson, 1959). It is planktonic in nature (Sharma, 2001). Its 
Furcal rami (Fu) are with thickened ridge on dorsal side and P5 first 
segment is not expanded laterally (Sharma, 2001) (PLATE IX). It was 
moderately distributed in Medical Pond, showing maximum density 
during June, 2007 (13 No./L) (Table 9 a). In Pond I, it was less in 
density and occurrence as compared to Medical Pond and Pond II, as 
well as showing absence during November, 2006, March and May, 
2007 (Table 9b). In Pond II, distribution was moderate throughout the 
period of investigation showing maximum densities during July and 
August, 2007 (Table 9 c) (PLATE IX). 
Mesocyclops hyalinus : Inner terminal spine of endopod of leg 4 
shorter than terminal segment of endopod (Edmondson, 1959). It was 
the most abundant copepod in all the three ponds. In Medical Pond, it 
was found abundant during January to September, 2007 showing 
three peaks of abundance, in February, 2007 (43 No./L) , June, 2007 
(47 No./L) and in September, 2007 (45 No./L). In Pond 1, it was almost 
uniform in distribution showing slight variations in number. In Pond 
II, it was also more or less uniformly distributed showing maximum 
densities during November and December, 2006, February and March, 
2007 (19 No./L) and September, 2007 (20 No./L) (Tables 9 a, b, c) 
(PLATE IX). 
Mesocylops leuckarti : Inner spine of second segment of leg 5 
shorter than terminal seta (Edmondson, 1959). It was moderately 
distributed throughout the year in all the three ponds, showing 
polymodal distribution. In Medical Pond, densities were found to vary 
between 4 - 4 8 No./L during different months of sampling ( Table 9 a), 
with maximum density recorded during September, 2007 (48 No./L) 
(Table 9 a). In Pond I, the distribution was almost uniform except 
during post - monsoon months (Table 9 b), whereas, in Pond II, it was 
found to vary between 6 - 1 7 No./L showing maximum densities 
during post - monsoon months. In all the three ponds, maximum 
densities were found during post - monsoon months (Tables 9 a, b, c) 
indicating the favourable condition to breed rapidly (PLATE IX). 
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Diaptomus sp. : Terminal caudal setae are four in number and more 
or less equal in length (Edmondson, 1959). It is planktonic in nature 
(Sharma, 2001). It was moderately distributed throughout the year in 
Medical Pond and Pond I, except in Pond I, during November, 2006 
and February, March, 2007 when it was absent (Tables 9 a, b). It was 
found totally absent in Pond II (Table 9 c) (PLATE IX). 
Cletocamptus sp. : Exopod of fifth leg is separated from base by only 
a notch or gap. It was sparsely distributed in Medical Pond showing 
maximum population during November, 2006 (Table 9 a). Absence, 
during most of the months in all the three ponds, may be due to 
unfavourable environmental conditions to multiply (Tables 9 a, b, c). 
In Medical Pond, it was abundant during November and December, 
2006 showing favourable conditions and availability of enough food to 
grow and multiply (Table a) (PLATE IX). 
Rotifera 
Rotifera, one of the oldest group and a minor phylum of 
invertebrates, include animals commonly termed as "Wheel 
Animalcules" because of their characteristic "wheel organ" or "corona" 
(Sharma, 2001). Rotifers are the most important soft bodied 
invertebrates in the fresh water plankton and characteristically 
inhabitants of inland waters (Hutchinson, 1967). Further, the 
members of this group are known to exhibit world wide occurrence 
from the Arctic and Antarctic regions to the tropics. About 95% of the 
known rotifer species, belonging to superclass Eurotatoria, inhabit 
freshwaters which is regarded as their original habitat, while only a 
small group of the superclass Seisona are recorded from saline waters 
of brackish and marine environs (Sharma, 2001). 
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They were originally treated as Infusoria due to their 
conspicuous ciliation and microscopic size and, hence, were not 
distinguished from unicellular organisms. The terms "Rotifera" or 
"Rotatoria" had long been invariably used for this primitive group; 
their nomenclature status was first questioned and reveiwed (Ricci, 
1983) at international symposium held at Uppsala, Sweden in 1982 
and the former term was accepted to be valid by the rotiferologists for 
all future applications. They are totally freshwater except only two 
genera and their few species, which are marine (Wetzel, 1983). These 
organisms were presumed to be a product of the aerobic phase in the 
development of our planet (Sladecek, 1983). Rotifers exhibit high 
population turn over rate in nature and, therefore, respond more 
quickly to environmental changes than any other group of plankton 
organisms. They showed polymodal occurrence. 
About three-quarters of the rotifers are sessile and associated 
with littoral substrates. The rotifers occur in an endless variety of 
aquatic and semi aquatic habitats, including limnetic and deepest 
regions of the largest lakes and smallest puddles. They are found in 
damp soil and vegetable debris, in mosses that may be netted or 
dampened only occasionally (Pennak, 1978). They also act as valuable 
indicators of trophic conditions of water (Sladecek, 1983). Locomotion 
through water is mostly dependent on the peripheral cilia. Many 
plankton and limnetic species remain in permanent suspension 
without ever coming in contact with a substrate. Such locomotion is 
often a combination of twisting on the longitudinal axis and spiral 
movements of the whole animal. A few plankton genera, such as 
Filinia, Hexarthra and Polyarthra move by sudden jerks and leaps, 
owing to sudden beating movements of their long appendages 
(Pennak, 1978). Various investigators have designated certain species 
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as monocyclic, dicyclic or acyclic and perennial, according to whether 
their annual population curves have one, two, several or no 
pronounced peaks. Brachionus angularis and Keratalla cochlearis are 
often considered dicyclic with spring and autumn maxima, but are 
sometimes perennial (Pennak, 1978). Polyarthra is dicyclic, polycyclic 
or perennial (Pennak, 1978). Keratella quadrata may be most 
abundant in spring or autumn, or it may be perennial (Pennak, 1978). 
Asplanchna priodonta is variously considered monocyclic, dicyclic or 
perennial (Pennak, 1978). Some of the common genera, like 
Asplanchna, Pleosoma, Synchaeta and Trichocerca feed on other 
rotifers and all kinds of small metazoan, either in the plankton or on a 
substrate. The great majority of species are omnivorous and ingests all 
organic particles of the appropriate size. Common examples are 
Cephalodella, Filinia, Keratella, Lecane, Euchlanis, Epiphanes and 
Brachionus. 
Important publications relating to rotifers are those of Donner 
(1965), Ruttner-Kolisko (1974), Pontin (1978), Pennak (1978), 
Sladecek (1983), Wallace and Snell (1991), Sharma (1991, 1995, 
1996, 1998, 2000 & 2001), Shiel (1995), De Smet (1995 and 1996), 
De Smet and Purriot (1996) and Melone et al (1998). 
In the present study, rotifers are represented by species of 
Brachionus, Keratella, Notholca, Filinia, Testudinella, Polyarthra, 
Conochilus, Hexarthra, Epiphanes and Asplanchna. Monthly 
occurrence of these genera for all the three ponds is given in Tables 9 
a, b, c. Total percent contribution of rotifers ranged from 26.4% 
during May, 2007 to 41.6 % during November, 2006 in Medical Pond, 
21.0 % during June, 2007 to 40.0 % in October, 2006 in Pond I and 
31.1 % during July, 2007 to 52.3 % in November, 2006 in Pond II (Fig. 
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37 a, b, c). 
Among the common and widely distributed species of Brachionus, B. 
calyciflorus, B. bidentatus and B. angularis are common species in 
Indian waters. Species of Keratella, Notholca, Epiphanes and 
Brachionus, are semi - planktonic in nature (Sharma, 2001). Members 
of Polyarthra, Hexarthra, Conochilus, Filinia and Asplanchna are 
planktonic or semi- planktonic in nature (Sharma, 2001). Testudinella 
sp. is littoral in nature (Sharma, 2001). They depict cyclomorphosis 
and exhibit different ecotypes (Khan and Alam, 1999). They have been 
designated as indicator of organic pollution in eutrophic water bodies 
(Sharma, 2001). Other species of Brachionus include B. hauanaensis, 
B. qudridentatus, B. urceolaris & B. plicatilis. 
Brachionus calyciflorus: Anterior occipital margin with four broad 
based spines, median occipital spines distinctly longer than laterals. 
(Sharma, 1998 a). It was low in density and occurrence in Pond I as 
compared to Medical Pond and Pond II. In Medical Pond, uniform 
distribution was found during the investigation period showing 
densities from 2-7 No./ml during different months except November 
and December, 2006 when it was absent in the samples (Table 9 a). 
In Pond I, it showed least abundance as well as found absent in the 
samples collected during some months (Table 9 b). In Pond II, it was 
found almost uniformly distributed except in the last few samples of 
the collection (Table 9 c) (PLATE X). 
Brachionus bidentata : Anterior margin with occipital spines, lateral 
and medians longer than intermediate occipital spines (Sharma, 1998 
a). It was more or less uniformly distributed in all the three ponds 
except in samples collected during October to December, 2006 (Tables 
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9 a, b, c). In Pond I, it was moderately distributed throughout the 
investigation period showing densities from 2 - 7 No./L (Table 9b) 
(PLATE X). 
Brachionus havanaensis : In all the three ponds, it was found 
sparsely distributed with maximum densities during monsoon and 
post - monsoon months (Tables 9 a, b, c). The values ranged between 
1 - 2 2 No./L in different ponds, being maximum in the month of 
September, 2007 (Table 9a) and minimum during March and April, 
2007 (Table 9 c) (PLATE X). 
Brachionus quadridentata : Anterior margin is with six occipital 
spines, median spines longest and ventrally curved, laterals are longer 
than intermediates. Postero - lateral spines well developed (Sharma, 
1998 a). It was found in Medical Pond and Pond I while absent in 
Pond II. It was more in density and occurrence in Medical Pond than 
Pond I. In Medical Pond, its maximum densities were noted during 
December, 2006 to March, 2007 while absence was recorded in some 
months (Table 9 a). In Pond 1, it was more or less uniform in 
distribution except during October, 2006 and August to September, 
2007 when it was absent (Table 9 b) (PLATE X). 
Brachionus angularis : Anterior margin is with two median occipital 
spines. Posterior spines lacking (Sharma, 1998 a). In Medical Pond, it 
was found abundantly distributed as compared to other two ponds 
except in few months when it was absent in the samples (Tables 9 a). 
It was found totally absent in Pond I (Table 9 b). In Pond II, its 
distribution was continuous showing maximum densities during 
January to June, 2007 (Table 9 c) (PLATE X). 
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Brachionus urceolaris : Anterior margin is with six occipital spines, 
median longest and laterals and intermediates are of almost equal 
length (Sharma, 1998 a). It showed presence during October -
November, 2006 and February to May and September, 2007 in 
Medical Pond (Table 9 a). It was sparsely distributed in all the three 
ponds. It showed presence during October, 2006 (5 No./L) and 
February, and July, 2007 in Pond I (Table 9 b), whereas in pond II, it 
was found during January, 2007 to September, 2007 showing 
variations between 1 - 7 No./L (Tables 9 b, c) (PLATE X). 
Brachionus plicatilis : Anterior margin with six occipital spines, 
almost equal in length and broad based (Sharma, 1998 a). In Medical 
Pond, it showed uneven distribution throughout the year, but showed 
abundance during November, 2006 (33 No./L) and January, 2007 ( 37 
No./L) (Table 9 a). In Pond I, it was found present only during 
October, 2006, January to April, 2007 and August to September, 2007 
showing abundance during winter months (Table 9 b). In Pond II, it 
was found totally absent during investigations (Table 9 c) (PLATE XI). 
Keratella tropica : Six anterior occipital spines are present, median 
occipital spines are longest, pointed and out curved. Posterior spines 
unequal and variable in length, the right spine generally longer than 
the left, the left posterior spine much reduced in some specimen 
(Sharma, 1998 a). It was more or less uniformly distributed in Medical 
Pond and Pond II, whereas it was sparsely distributed in Pond I. In 
Medical Pond, it was found to vary between 2 - 7 No./L during 
different months of the study (Table 9 a). In Pond I, it varied between 
1 - 5 No./L showing absence during some months (Table 9 b), 
whereas in Pond II, it showed continuous presence with densities to 
vary between 2 - 5 No./L (Table 9 c) (PLATE XI). 
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Keratella quadrata : Six anterior occipital spines are present, 
median spines longest and curved (Sharma, 1998 a). It was less in 
density in Pond I as compared to Medical Pond and Pond II. It was 
more or less uniformly distributed in Medical Pond showing variations 
between 3 - 7 No./L (Table 9 a). In Pond I, higher densities were noted 
in two months i.e. in November, 2006 (5 No./L) and April, 2007 (4 
No./L) (Table 9 b), whereas in Pond II, higher densities were recorded 
during November, 2006 (9 No./L), December, 2006 (8 No./L) and 
January and July, 2007 (7 No./L) with absence in August, 2007 
(Table 9 c) (PLATE XI). 
Keratella serrulata : Lorica is divided in dorsal and ventral plate. 
Occipital margin is with 4 spines. The median ones are curved. 
Posterior spines absent sometimes present (Sharma, 1998 a). It 
showed uneven distribution in Medical Pond (Table 9 a), showing two 
peaks of abundance first in November, 2005 (31 No./L) and second in 
September, 2007 (28 No./L). During rest of the months it was found 
absent except October, 2006 (22 No./L) and December, 2006 (13 
No./6) (Table 9 a). In Pond I, it was found totally absent (Table 9 b). In 
Pond II, it also showed uneven distribution showing two peaks of 
abundance, first during November, 2006 (30 No./L) and the second 
during September, 2007 (18 No./L). In the same pond, it was also 
found absent during January - February and July - August, 2007 
(Table 9 c) (PLATE XI). 
Keratella procurva : Six anterior occipital spines, median spines 
longest and curved outwards (Sharma, 1998 a). It was rarely found in 
Medical Pond being low in density and occurrence. It varied between 2 
to 4 No./L in different months of the investigations (Table 9a). It was 
more or less uniformly distributed in Pond I and Pond II, showing 
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occurrence during January, 2007 (7 No./L), August, 2007 (5 No./L) 
and September, 2007 (7 No./L) in Pond I (Table 9b), whereas in Pond 
II, it was irregular in distribution, showing abundance during January 
and February, 2007 (11 No./L) and March, 2007 (13 No./L) (Table 9c) 
(PLATE XI). 
Asplanchna priodonta : Body is illoricate, transparent, polymorphic 
and with thin cuticle, body shape sacciform, bell shaped or with 
humps or projections. Foot absent. Corona comprised of a broken 
single ring of cilia (Sharma, 1998 a). It showed higher densities in 
Medical Pond during November - December, 2006, May - June, 2007 
and August, 2007 (Table 9 a). In Pond I, it varied from 1 - 7 No./L 
during different months of the study (Table 9 b), whereas in Pond II, it 
varied between 1 - 5 No./L showing absence during some months of 
study (Table 9 c) (PLATE XI). 
Polyarthra sp. : Body is illoricate and slightly flattened 
dorsoventrally. Corona is with a circumapical band of cilia and two 
cylindrical ciliated antennae (Sharma, 1998 a). It was sparsely 
distributed in all the three ponds during the investigation period. In 
Medical Pond, higher densities were noted during June, 2007 (10 No. 
/L) and September, 2007 (8 No./L) (Table 9 a). In Pond I, it was high 
during October, 2006 (9 No. /L), July, 2007 (15 No./L) and August, 
2007 (11 No./L) (Table 9 b), whereas in Pond II, densities were higher 
during October, 2006 (3 No./L), February, 2007 (4 No./L) and March, 
2007 (7 No./L), but found absent during April to September, 2007 
(Table 9 c) (PLATE XII). 
Filinia longiseta : Body is thin, barrel shaped and with two long 
movable antero lateral setae and one long immovable posterior seta 
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usually folded ventrally (Sharma, 1998 a). It showed higher densities 
during October, 2006 and July, 2007 (11 No./L) and August, 2007 (12 
No./L) in Medical Pond. In Pond I, it varied between 1 - 10 No./L, 
showing higher densities during April, 2007 (8 No./L), May, 2007 (10 
No./L), June, 2007 (9 No./L) and July, 2007 (7 No./L), whereas in 
Pond II, it showed continuous presence with higher densities during 
April, 2007 (10 No./L), May, 2007 (8 No./L) and September, 2007 (9 
No./L) (Tables 9 a, b, c) (PLATE XII). 
Filinia terminalis : Body is thin, cylindrical and with two movable 
antero - lateral setae and one immovable posterior seta (Sharma, 
1998 a). It showed discontinuous distribution in Medical Pond. It was 
found present in higher densities during December, 2006 (30 No./L) 
and August, 2007 (21 No./L), may be due to favourable conditions 
and higher availability of food. During rest of the months, it was found 
absent except in November, 2006 and January, 2007 when it was 
present in low densities (Table 9a). In Pond I 85 II, higher densities 
were recorded during November - December, 2006 and July - August, 
2007 (Tables 9 b, c). Higher densities during November to December, 
2006 in all the three ponds (Tables 9 a, b, c) indicate the most 
favourable conditions for the plankter to multiply in plenty including 
higher availability of food. In the same way absence during summer 
months, in all the three ponds, indicates the unfavorable, condition to 
reproduce and grow (PLATE XII). 
Notholca sp. : Its lorica is oval to elongate and spindle shaped, with 
six occipital spines. Dorsal plate is with longitudinal striations. Foot is 
absent. It is planktonic or semi - planktonic in nature (Sharma, 2001). 
It showed uneven distribution in Medical Pond with maximum 
densities during March, 2007 (20 No./L). It was found absent in most 
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of the months of the year except during October, 2006 and April and 
June, 2007 with low densities (Table 9a). In Pond I, it also showed 
uneven distribution with maximum densities during December, 2006, 
minimum during February, 2007 and absence in some months (Table 
9 b). In Pond II, it showed abundance during October, November and 
December, 2006, but remained absent during most of the months of 
the study period. It reappeared during March, April, September, 2007, 
but with all densities (Table 9 c) (PLATE XII). 
Epiphanes senta : Foot is with short toes. Corona with groups of 
large cilia. Body is pyriform. This species is planktonic or semi 
planktonic in nature (Sharma, 2001). In Medical Pond, higher 
densities were noted during January, 2007 (7 No./L), February, 2007 
(8 No./L), July, 2007 (9 No./L) and August, 2007 (7 No./L). It also 
showed absence during most of the months (Table 9 a). In Pond I, it 
was more or less uniform in distribution except during June and July, 
2007 when it was absent. It showed higher densities during January 
and February, 2007 and lower during December, 2006, May and 
August, 2007 (Table 9 b). In Pond II, it was more or less uniformly 
distributed throughout the year except during June and July, 2007 
(Table 9 c) (PLATE XII). 
Conochilus unicornis : These forms are colonial, with 5 - 2 5 
individuals in each colony bounded by a gelatinous case. Body is vase 
shaped, foot contractile and almost as long as the body in extended 
form (Sharma, 1998 a). It was sparsely distributed in all the three 
ponds, showing higher occurence only in December, 2006 (6 No./L) in 
Medical Pond, during May, 2007 (5 No./L) in Pond I and during 
October, 2006 (5 No./L) and September, 2007 (7 No./L) in Pond II. It 
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showed unimodal distribution in Medical Pond and bimodal in Pond I 
and Pond II (Tables 9 a, b, c) (PLATE XIII). 
Hexarthra sp. : Body is conical with six arm like appendages and 
pinnate bristles at their tips. Corona wavy, with double band of cilia 
and with or without ventral lip (Sharma, 1998 a). It was sparsely and 
unevenly distributed in Medical Pond showing two peaks of 
abundance, first during April, 2007 (12 No./L) and second in August, 
2007 (30 No./L). It was also found abundant during July, 2007 (24 
No./L). In Pond I, higher densities were recorded during July, 2007 
(11 No./L), August, 2007 (19 No./L) and September, 2007 (10 No./L), 
while during most of the months of the study it was not recorded. In 
Pond II, it showed higher densities during October, 2006 (9 No./L), 
July, 2007 (11 No./L), August, 2007 (15 No./L) and September, 2007 
(11 No./L) (Tables 9 a, b, c) (PLATE XIII). 
Testudinella sp. : Body is loricate and circular, elliptical, oval or vase 
shaped and is more or less compressed. Foot opening is ventral, 
located near middle or in the posterior half or posterior end of lorica. 
Foot is annulated and terminates with a band of cilia. Corona is with 
a circumapical band of cilia (Sharma, 1998 a). It was unevenly 
distributed throughout the year. In Medical Pond, it showed 
abundance during November and December, 2006, (44 No./L and 45 
No./L) and during September, 2007 (40 No./L). In Pond I, it was 
moderately and evenly distributed throughout the year except for 
some months during which it showed higher densities 27 No./L in 
November, 2006 and 35 No./L in December, 2006. In Pond II, 
maximum density was found only during December, 2006 (31 No./L), 
while during the rest of the months it was low in density and more or 
less uniform in distribution (Tables 9 a, b, c) (PLATE XII). ' 
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Ostracoda 
They inhabit all types of substrates, both in standing and 
running waters, including rooted vegetation, algal mats, debris, mud, 
sand and rubble. Superficially, the members of the subclass 
Ostracoda resemble miniature mussels and, therefore, "mussel 
shrimps" is an old European vernacular name (Edmondson, 1959). 
They have unsegmented body enclosed in two hinged valves and 
resemble tiny clams (Cole, 1983). Most of the fresh water ostracods 
are bottom dwellers, although some appear occasionally in plankton 
samples. One truly planktonic species is Cypris sp. (Cole, 1983). Some 
of them burrow superficially in soft substrates. The great majority of 
individuals are found moving about on the substrate by means of 
beating movements of the first and second antennae, and to some 
extent by kicking of the caudal rami (Pennak, 1978). Such locomotion 
ranges from creeping and uncertain weak, tottering movements to 
rapid bouncing. Food consists mostly of bacteria, molds, algae and 
fine detritus but some of the larger species have been observed feeding 
on living and dead animals (Pennak, 1978). Ecologically, ostracods are 
omnivorous scavengers. In the present study, ostracods were found in 
all the three ponds, but in low densities. 
According to Wetzel (1983), fluctuation in temperature is one of 
the important factors affecting parthenogenesis and their seasonal 
pattern of reproduction. A few species swim about actively above the 
substrate (Pennak, 1978). It can be said that monthly fluctuations in 
the density of ostracods may be due to the fluctuations in 
environmental conditions like depth, temperature, availability of food 
and nutrients and also variations in the predation pressure of the 
benthic animals (Pennak, 1978). In the present investigations, 
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Ostracoda is represented by Cypris sp. only. Its percent contribution 
varied from 0.30 % during February, 2007 to 2.5 % in October, 2006 
in Medical Pond, 0.30 % during January, 2007 to 5.3 % in June, 
2007 in Pond I and 0.40 % during July, 2007 to 1.9 % in February, 
2007 in Pond II (Fig. 37 a, b, c). Monthly occurrence is given in Tables 
9 a, b, c. 
Cypris sp. was least in density among the different zooplankton 
genera in all the three ponds as it is benthic in nature. It showed 
higher densities during October, 2006 (7 No./L) and August, 2007 (5 
No./L) in Medical Pond. In Pond I, it was more or less uniformly 
distributed except during June, 2007 when it was high (14 No./L), 
whereas in Pond II, it showed presence during October - November, 
2006 (3 No./L), February, 2007 (4 No./L) and September, 2007 (4 
No./L) (Tables 9 a, b, c) (PLATE XIII). 
EGGS AND NAUPLII 
During present study, different developmental stages of 
zooplankton were recorded together as Eggs and Nauplii. Larval 
morphology is not known in most species of copepods. Sub-adult 
copepods, especially in cyclopoids, are usually mistaken for adults by 
the beginners. Hence, it is necessary to differentiate an immature 
individual from its adults (Reddy, 2001). Copepod hatch into a small 
compact active free swimming larva called Nauplii which has three 
pairs of appendages (Pennak, 1978). There are altogether six 
successive nauplier stages, which feed, grow, moult and acquire 
further appendages (Wetzel, 1983). After six nauplier moults, an 
enlarged and more elongated form of the first copepod instar develops. 
There are five copepodite stages during which additional appendages 
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and body segments develop. The sixth and final copepodite stage is 
adult (Reddy, 2001). The time required to complete juvenile stage is 
highly variable depending upon various environmental conditions 
(Wetzel, 1983). 
In the present investigations, nauplier stages were observed 
throughout the period of investigations. Only slight differences were 
observed in the number of nauplii in the ponds. This shows that 
reproduction in copepods is carried out throughout the year. Pennak 
(1978) has also reported that reproduction in some species of 
copepods is carried out throughout the year having three or more 
generations. Their periodicity is given in Tables 9 a, b, c (PLATE Xlll). 
Eggs of rotifers and crustacean have also been mixed and 
studied as one group (PLATE Xlll). They occurred throughout the 
period of investigations with a very little difference in their number in 
the three ponds. Hillbricht et al. (1988) have reported increased 
fecundity at high temperature. Miracle and Serra (1989), however, 
have reported negligible effect of temperature on the fecundity of 
rotifers. On the other hand, they have reported salinity as the primary 
factor affecting fecundity in rotifers. Continuous occurrence of eggs of 
these zooplankton also shows that they are prolific and continuous 
breeders. 
b) DIVERSITY 
Diversity is a concept that refers to the range of variations or 
differences among some set oi entities. Biological diversity thus refers 
to the variety within the living world. Perhaps, because the living 
world is most widely considered in terms of species, biodiversity is 
very commonly used as a synonym of species diversity in particular of 
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species richness. Species may be exterminated by man through a 
series of effects and agencies. These may be divided into two broad 
categories, direct (hunting, collection and persecution) and indirect 
(habitat destruction and modification) (WCMC, 1992). 
It is evident that a certain level of biological diversity is necessary 
to provide the material basis of human life, at one level to maintain 
the biosphere as a functioning system and at another to provide the 
basic material for agriculture and other utilitarian needs (WCMC, 
1992). Vast literature exists on phytoplankton diversity like that of 
Islam and Khatun (1966), Islam and Zaman (1975), Islam and Khair 
(1978), Islam and Aziz (1982), Pal and Santra (1986), Raman et al 
(1990), Santra et al. (1991), Sen and Gupta (1993 & 1998), Naskar 
and Mandal (1999) and Sen (2000). 
Sukumaran and Das (2001) made an investigation on 
phytoplankton distribution and abundance in some selected 
freshwater reservoirs viz. Hemvathy Kabini V.V.Sagar, Bhadra etc. in 
Karnataka and reported the presence of algal groups, Myxophyceae, 
Chlorophyceae, Bacillariophyceae and Desmidiaceae. 
Shastree and Pendse (2001), while working on hydro biology of 
Dahikhuta reservoir in Malegaon, Dist. Nasik, in Maharashtra, have 
reported the relationship of algal diversity with certain physico-
chemical patrameters. 
Sen and Naskar (2003) described the algal flora of Sundarbun 
Mangals, West Bengal. They reported a total of 150 species including 
50 species of Cyanophyta, 39 species of Chlorophyta, 44 species of 
Chrysophyta, 15 species of Rhodophyta and 2 species of Phaeophyta. 
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Nandan and Aher (2005) studied the algal community of 
Haranbaree dam and Mosam river of Maharashtra. 
Srivastava (2005) studied the plankton status of Ravishankar 
Sagar reservoir in Chhattisgarh and reported that the phytoplankton 
were chiefly represented by Myxophyceae, Chlorophyceae, 
Bacillariophyceae and Desmidiaceae. 
Sompong et al. (2005) studied distribution of cyanobacteria with 
respect to the thermal gradient from 30 to SO OC in nine hot springs in 
Northern Thailand. 
According to Pluiraite (2003), species diversity, abundance and 
production of zooplankton help in determining the production of fish 
in the aquatic ecosystem. He also opined that zooplankton are the 
inseparable part of the aquatic ecosystem. It fulfills great variety of 
important functions, like by feeding on phytoplankton and 
microorganisms it purifies water. Based on the species, dominant in 
zooplankton communities, we may evaluate the quality of water. 
Hence, zooplankton can be used as an indicator of saprobity. On the 
other hand, zooplankton also contribute as a source of food for adult 
fish and fish fry. 
Vast literature exists on the diversity of zooplankton like those of 
Bath and Kaur (1998) who studied seasonal distribution and 
population dynamics of rotifers in Harika reservoir. Garcia et al. 
(2002) have investigated the seasonal variation of zooplankton in 
freshwater reservoir in Mexico. Prakash et al. (2002) studied the 
seasonal dynamics of zooplankton in a fresh water pond developed 
from wasteland of Brick kiln. Pathak and Mudgal (2002) conducted a 
preliminary survey of zooplankton of Virla reservoir of Khargone, 
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Madhya Pradesh. They identified 19 different species of zooplankton 
which included protozoa, cladocera, ostracoda, copepoda and rotifera. 
Chavan et al. (2004) studied abundance of rotifers in Manjara 
project water reservoir. Birde and Pai (2004) studied seasonal 
fluctuation in the rotifer community. Surkad (2004) conducted a 
survey on the diversity of zooplankton in Kakasakoppa reservoir of 
Belgaum in Karnataka. Menzer et al. (2005) made a comparative study 
of population kinetics and seasonal fluctuation of zooplankton in two 
diverse ponds of North Bihar. 
Other important contributions on zooplankton diversity are those 
of Hazelwood and Parker (1961), Khan (1969), Rajendran (1973), Rao 
and Mohan (1977), Pennak (1978), Verma et al (1978), Fernando 
(1980), Victor and Fernando (1979), Dumont and Pensaert (1983), 
Pejler (1983), Sharma (1983, 1987, 1991, 1996 & 2001), Sladecek 
(1983), Lin and Fernando (1985), Sharma and Michael (1987), Michael 
and Sharma (1988), Sharma and Sharma (1990, 1997 & 1999), 
Battish (1992), Reddy (1994 & 2001), De Smet (1995 & 1996), Segers 
(1995 & 2001), Sharma and Wanswett (1999), Singh (2000), Reddy 
(2001), Hosmani (2002), Khan (2003), Pluiraite (2003), Sharma and 
Lyngdoh (2003), Sharma and Lyngskor (2003), Jeelani et al. (2004), 
Brucet et al. (2006), Rao et al. (2006), Ansari et al. (2007 a) and 
Mukhopadhyay et al. (2007). 
Species diversity is one of the basic concepts of ecology that has 
been used to characterise communities and ecosystems: At first 
glance the concept appears to be rather simple but ecologists and 
mathematicians have been searching for ways to express the various 
aspects of diversity since 1922 (Gleason, 1922). 
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Species diversity increases as the number of species per sample 
increases and as the abundances of species within a sample become 
more even (Pielou, 1969 and Kricher, 1972). Same relationship was 
also observed in our study as species diversity showed positive and 
significant correlation with evenness in Medical Pond (r = 0.641), Pond 
I (r = 0.712) and Pond II (r = 0.640) in case of phytoplankton (Table 10) 
(Fig. 26).Concerning zooplankton the correlation was positive in Pond I 
(r = 0.410) and positive and significant in Medical Pond (r = 0.860) and 
Pond II (r - 0.647) (Table 10) (Fig. 27). 
Correlation between Species Diversity and some physico -
chemical parameters were also determined. In case of phytoplankton, 
species diversity showed negative correlation with water temperature 
in MP (r = - 0.285), negative in Pond II (r = - 0.757) whereas positive in 
Pond I (r = 0.031) (Fig. 39, Table 10). With pH, correlation was positive 
in MP (r = 0.494) and Pond II (r = 0.385) whereas negative in Pond I (r 
= - 0.026) (Fig. 40, Table 10), whereas with PO4-P, positive correlation 
was found in MP (r = 0.336) and Pond I (r = 0.178) and negative in 
Pond II (r = - 0.732) (Fig. 41, Table 10). With NO3-N, correlation was 
positive in all the three ponds (MP: r = 0.551, Pond I: r = 0.004 85 Pond 
II: r = 0.064) (Fig. 42, Table 10) and with NO2-N, positive correlation 
was found in MP (r = 0.043) and Pond II (r = 0.120) and negative in 
Pond I (r = - 0.053) (Fig. 43, Table 10). With NH3-N, it was negative in 
MP (r = - 0.644) and Pond I (r = - 0.109) and positive in Pond II (r = 
0.092) (Fig. 44, Table 10). 
In case of zooplankton, species diversity showed negative 
correlation with water temperature in all the three ponds (MP: r = -
0.556, Pond I: r - - 0.498 & Pond II: r = - 0.022) (Fig. 45, Table 10). 
With pH, negative correlation was found in MP (r = - 0.150) and Pond I 
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(r = - 0.044) and positive in Pond II (r = 0.310) (Fig. 46, Table 10), 
whereas with PO4-P, positive correlation was found in MP (r = 0.262) 
and Pond I (r = 0.297) and negative in Pond II (r = - 0.230) (Fig. 47, 
Table 10). With NO3-N, correlation was positive in MP (r = 0.350) and 
negative in Pond I (r = - 0.266) and Pond II (r = - 0.510) (Fig. 48, Table 
10), and with NO2-N, negative correlation was found in MP (r = -
0.228), Pond I (r = - 0.241) and Pond II (r = - 0.360) (Fig. 49, Table 10). 
With NH3-N, negative correlation was found in MP (r = - 0.561), Pond I 
(r = - 0.599) and Pond II (r = - 0.369) (Fig. 50, Table 10). 
The term evenness originates from the biological sciences, more 
particular from ecological studies (Magurrun, 1991 and Nijssen et al, 
1998). Magurrun (1991) describes evenness roughly as how equally 
abundant species are. More precisely, evenness is a measure for the 
relative apportionment of abundance among the species present. 
Species evenness increases as species are more evenly distributed in a 
sample such that maximum evenness is obtained when all the species 
are equally abundant (De Jong, 1975). Species evenness (equitalibity) 
is also a parameter which indicates relative awareness of the various 
species in a sample (De Jong, 1975). 
PHYTOPLANKTON 
Species diversity ranged from 3.038 (January, 2007) to 3.280 
(March, 2007) in Medical pond, 3.058 (December, 2006) to 3.275 
(Februaiy, 2007) in Pond I and 3.118 (May, 2007) to 3.335 (Februaiy, 
2007) in Pond II. Higher values of species diversity were found during 
November, 2006 (3.174), March, 2007 (3.280), May, 2007 (3.130) and 
September, 2007 (3.183) in Medical Pond and minima was found 
during January, 2007 (3.038). In Pond I, higher values were found 
during October, 2006 (3.182), February, 2007 (3.275), April, 2007 
(3.242) and June, 2007 (3.219) and lower during December, 2007 
(3.058). In Pond II, first maxima was recorded in December, 2006 
(3.274) and second (3.335) during February, 2007. It then declined to 
a minimum during May, 2007 (3.118) and again increased during 
June, 2007 (3.169). One more higher value of species diversity was 
found during September, 2007 (3.288). Monthly variations are given in 
Table 11 (Fig. 28). 
Species dominance ranged from 0.071 (February, 2007) to 0.117 
(October, 2006) in Medical Pond, 0.064 (February, 2007) to 0.112 
(December, 2006) in Pond I and 0.059 (February, 2007) to 0.100 (May, 
2007) in Pond II. In Medical Pond, first maxima was found in October, 
2006 (0.117) then it declined and suddenly attained a peak in 
January, 2007 (0.096). A minima was recorded during February, 2007 
(0.071) and again reached a peak in June, 2007 (0.114). One more 
peak was found in August, 2007 (0.108). In pond I, first maxima was 
noted during December, 2006 (0.112), then it declined to a minima 
(0.064) in February, 2007. It again increased to attain a peak during 
May, 2007 (0.091). After that, it remained stable during June and 
July, 2007 (0.085) but increased during August, 2007 (0.105). In Pond 
II, first maxima was found during December, 2006 (0.079) then it 
declined to a value of 0.059 during February, 2007. It increased to 
attain a peak during May, 2007 (0.100). One more peak of dominance 
was found during July, 2007 (0.090). Monthly variations are given in 
Table 11 (Fig. 29). 
Species Evenness ranged from 0.873 (April, 2007) to 0.931 
(February, 2007) in Medical Pond, 0.906 (November, 2006) to 0.944 
(February, 2007) in Pond I and 0.926 (May, 2007) to 0.945 (February, 
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2007) in Pond II. In Medical Pond, first maxima was found during 
November, 2006 (0.908), it then decreased and increased to reach a 
peak in February, 2007 (0.931). After that, it started decreasing 
continuously and then again attained a maxima during June and 
July, 2007 (0.906), and September, 2007 (0.902). In Pond I, higher 
values of species evenness were found during February, 2007 (0.944), 
then declined and again increased during July, 2007 (0.933). Lowest 
value was found during November, 2006 (0.906). In Pond II, first 
maxima was found during February, 2007 (0.945), declining to a 
minimum of 0.926 during May, 2007 and then recorded another peak 
during June, 2007 (0.931) and September, 2007 (0.932). Monthly 
variations are given in Table 11 (Fig. 30). 
Percentage similarity ranged from 84.37 (August and September, 
2007) to 92.75% (March and April, 2007) in Medical Pond, 91.52 
(November and December, 2006; December and January, 2007 and 
August and September, 2007) to 96.87% (October and November, 
2006) in Pond I and 93.75 (August and September, 2007) to 98.50% 
(October and November, 2006, January and February, 2007 and 
February and March, 2007) in Pond II. In Medical Pond, first maxima 
of percentage similarity was found during December, 2006 and 
January, 2007 (90.32%) and second (92.75%) during March and April, 
2007. In May and June, 2007 third maxima (87.50%) was recorded, 
after that it declined during June, July and August, 2007. It again 
reached to a higher value of 86.56% during September, 2007 and 
October, 2006.In Pond I, first maxima 96.87% was recorded during 
October, 2006 and November, 2007 and then declined to 91.52% 
during November to December, 2006 and January, 2007. It attained 
another maxima of 95.23% during January and February, 2007. Third 
maxima was noted during March and April, 2007 (96.77%). In Pond II, 
15 
first maxima 98.50% was noted during October and November, 2006. 
During January to March, 2007, percentage similarity was recorded 
as 98.50%, declined during April to August, 2007 and then suddenly 
raised to 97.05% during September, 2007. Monthly variations are 
given in Table 13 (Fig. 31). 
ZOOPLANKTON 
Species diversity ranged from 2.826 (July, 2007) to 3.107 (November, 
2006) in Medical Pond, 2.913 (August, 2007) to 3.240 (April, 2007) in 
Pond I and 2.998 (July, 2007) to 3.172 (February, 2007) in Pond II. In 
Medical Pond, first peak of species diversity was 3.107 during 
November, 2006, it then decreased and increased to attain a peak 
during April, 2007 (3.106). The third peak was noted during 
September, 2007 (2.907). In Pond I, three peaks of species diversity 
were found, first during January, 2007 (3.109), second in April, 2007 
(3.240) and the third during September, 2007 (3.138). Similarly, three 
peaks were seen in Pond II also, first was recorded during February, 
2007 (3.172), second in April, 2007 (3.188) and third during 
September, 2007 (3.094). One maxima was also found during October, 
2006 (3.129). Monthly variations are given in Table 12 (Fig. 32). 
Species Dominance ranged from 0.096 (November, 2006) to 0.153 
(June, 2007) in Medical Pond, 0.070 (April, 2007) to 0.167 (August, 
2007) in Pond I and 0.077 (April, 2007) to 0.153 (July, 2007) in Pond 
II. In Medical Pond, first maxima was recorded during October, 2006 
(0.141), second during February, 2007 (0.145). It decreased and 
increased to attain the third maxima (0.153) during June, 2007 and 
the fourth (0.146) during August, 2007. Pond I had first maxima 
during December, 2006 (0.121), second during February, 2007 (0.108) 
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and the third during August, 2007 (0.167). In Pond 11, two peaks of 
species dominance were found, first during December, 2006 (0.140) 
and the second during July, 2007 (0.153). Monthly variations are 
given in Table 12 (Fig. 33) 
Species Evenness ranged from 0.863 (August, 2007) to 0.932 (April, 
2007) in Medical Pond, 0.891 (December, 2006 and February, 2007) 
to 0.943 (April, 2007) in Pond I and 0.894 (November, 2006) to 0.942 
(February, 2007) in Pond II. In Medical Pond, first peak of evenness 
was recorded during December, 2006 (0.927), second in April, 2007 
(0.932) and the third during September, 2007 (0.872). In Pond I, first 
peak was recorded during January, 2007 (0.905), second during April, 
2007 (0.943), third during July, 2007 (0.921) and the last during 
September, 2007 (0.913). Pond II recorded first peak during February, 
2007 (0.942), second during April, 2007 (0.928), third during June, 
2007 (0.929) and the last during September, 2007 (0.928). Monthly 
variations are given in Table 12 (Fig. 34). 
Percentage Similarity ranged from 78.57 (December, 2006 and 
January, 2007) to 93.10% (November and December, 2006) in Medical 
Pond, 82.35 (June and July, 2007) to 93.54% (January and February, 
2007) in Pond I and 86.20 (December, 2006 and January, 2007) to 
96.5% (November and December, 2006 and January and February, 
2007) in Pond II. In Medical Pond, first maxima of percentage 
similarity was recorded during November and December, 2006 
(93.10%), second during January and February, 2007 (90.90%) and 
the third (87.27%) during August-September, 2007. In Pond I, two 
peaks were recorded, first (93.54%) during January-February, 2007 
and the second (89.28%) during August-September, 2007. In Pond 11, 
first peak of percentage similarity (96.55%) was recorded during 
117 
November-December, 2006, second (96.55%) during January-
February, 2007 and a third peak (93.54%) was recorded during 
March-April, 2007. In the same pond, fourth peak was recorded 
during May-June, 2007 (93.10%) and the last during August-
September, 2007 (90.90%). Monthly variations are given in Table 13 
(Fig. 35). 
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Table. 10 
Statistical briefs of various water quality parameters in MP, Pond I and Pond II 
Parameters 
Air Temperature 
Water 
Temperature 
Transparency 
Turbidity 
Dissolved Oxygen 
PO4-P 
NO3-N 
Parameters 
Water 
Temperature 
Dissolved Oxygen 
Turbidity 
Total Solids 
Total Suspended 
Solids 
Total Dissolved 
Solids 
Phytoplankton 
Zooplankton 
Phytoplankton 
Zooplankton 
Phytoplankton 
Ponds 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
Coefficient of 
Correlation 
'r' 
0.993 
0.984 
0.988 
-0.716 
-0.691 
-0.710 
0.993 
-0.124 
0.979 
-0.285 
0.391 
0.301 
0.298 
0.314 
0.075 
-0.670 
0.396 
0.397 
-0.381 
0.169 
0.349 
-0.652 
-0.316 
-0.213 
-0.313 
0.055 
-0.402 
-0.151 
0.545 
0.807 
-0.013 
0.220 
-0.198 
Significance 
at 
(p < 0.05) 
N / 
y 
-y 
N / 
v / 
^ 
v / 
-
y^ 
_ 
-
-
-
-
-
y 
-
_ 
-
-
s/ 
-
-
. 
-
-
_ 
-
^ 
.. 
-
-
Continued on Next Page 
Parameters 
NO3-N 
Bacillariophyceae 
Phytoplankton 
Zooplankton 
Desmidiaceae 
Parameters 
Zooplankton 
Silica 
Water Temperature 
pH 
Zooplankton 
Water Temperature 
pH 
pH 
Myxophyceae 
Chlorophyceae 
Bacillariophyceae 
Ponds 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
CoeflHcient of 
Correlation 
'r' 
0.129 
0.060 
-0.244 
0.410 
-0.328 
-0.079 
0.298 
-0.147 
-0.488 
-0.089 
0.281 
-0.041 
0.522 
0.496 
-0.531 
0.498 
0.106 
0.673 
-0.176 
0.062 
-0.177 
0.360 
0.431 
0.164 
-0.105 
0.194 
0.289 
-0.225 
0.267 
-0.645 
0.448 
-0.333 
-0.014 
Significant 
at 
(p<0.05) 
s/ 
-
-
-
-
v / 
-
-
-
^/ 
-
Continued on Next Page 
Parameters 
Euglenophyceae 
Phytoplankton 
Species Diversity 
Zooplankton 
Species Diversity 
Phytoplankton 
Species Diversity 
Parameters 
PO4-P 
NO3-N 
NH3-N 
Species Evenness 
Species Evenness 
Water Temperature 
pH 
PO4-P 
NO3-N 
NO2-N 
NH3-N 
Ponds 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond-I 
Pond-II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 1 
Coefficient of 
Correlation 
*r' 
0.249 
0.205 
-0.097 
0.473 
-0.169 
0.337 
-0.049 
-0.335 
0.263 
0.641 
0.712 
0.640 
0.860 
0.410 
0.647 
-0.285 
0.031 
-0.757 
0.494 
-0.026 
0.385 
0.336 
0.178 
-0.732 
0.551 
0.004 
0.064 
0.043 
-0.053 ' 
0.120 
-0.644 
-0.109 
0.092 1 
Significant 
at 
(p < 0.05) 
-
-
-
V 
-
v / 
-
-
Continued on Next Page 
Parameters 
Zooplankton 
Species Diversity 
Parameters 
Water Temperature 
pH 
PO4-P 
NO3-N 
NO2-N 
NH3-N 
Ponds 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
MP 
Pond I 
Pond II 
Coefficient of 
Correlation 
'r' 
-0.556 
-0.498 
-0.022 
-0.150 
-0.044 
0.310 
0.262 
0.297 
-0.230 
0.350 
-0.266 
-0.510 
-0.228 
-0.241 
-0.360 
-0.561 
-0.599 
-0.369 
Significant 
at 
(p < 0.05) 
-
-
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-
-
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CONCLUSION 
- In all the ponds, water temperature is always found to be less than 
air temperature and follows the trend of air temperature. Always a 
positive correlation between air temperature and water temperature 
was obtained. 
- Ionic composition of these waterbodies was mainly formed by 
calcium, magnesium and chloride, having higher values during 
summer and lower during monsoon months. 
- Higher values of hardness might be due to the evaporation of water 
at high temperature during summer months while lower values during 
monsoon months might be attributed to dilution of water body by rain 
water. 
- Increased values of phosphate - phosphorus during some months 
are due to the incoming domestic wastes, detergents used by 
washermen and animal excreta during cattle washing while lower 
values might be due to its utilization by macrophytes and algae for 
their growth. 
- Higher values of NO3-N, NO2-N and NH3-N were due to sewage 
contamination, municipal wastes and entry of surface run off water 
from the surrounding catchment area whereas lower values might be 
due to low water temperature, less deposition of organic matter and 
greater sedimentation rate. 
- Higher values of dissolved oxygen might be due to increased 
photosynthetic activity while lower values may be because of its 
utilization during decomposition of organic matter and respiration by 
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micro and macro-organisms. 
- Carbon dioxide was found to be absent throughout the period of 
investigations in all the ponds. 
- Increase in pH is the result of the rise in carbonate alkalinity 
resulting from the photosynthetic activity of phytoplankton and other 
green aquatic plants. Decrease in the pH can be attributed to the 
release of anaerobic water. 
- Phytoplankton of these water bodies mainly comprised of 
Myxophyceae, Chlorophyceae, Bacillariophyceae, Euglenophyceae and 
Desmidiaceae. 
- Myxophyceae was represented by seven genera, namely Anacystis, 
Agmenellum, Nostoc, Anaebena, Tetrapedia, Oscillatoria and Spirulina. 
- Presence of blue - green algae and green algae indicates the 
eutrophic nature of the water body. The eutrophic nature might be 
because of the input of sewage from the surrounding human 
settlements. 
- Chlorophyceae was represented by fifteen genera, Oedogonium, 
Characium, Scenedesmus, Crucigenia, Tetraspora, Spirogyra, 
Protococcus, Ulothrix, Microspora, Ankistrodesmus, Pediastrum, 
Actinastrum, Selenastrum, Tetraedron and Chlorella. 
- Bacillariophyceae was represented by twelve genera, namely 
Cyclotella, Amphora, Diatoma, Navicula, Nitzschia, Synedra, Fragillaria, 
Gyrosigma, Gomphonema, Melosira, Stephanodiscus and Frustulia. 
- Euglenophyceae was represented by only two genera, namely 
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Euglena and Phacus. 
- Euglenophyceae with PO4-P showed positive correlation in MP (r = 
0.249) and Pond I (r = 0.205) whereas negative in Pond II (r = - 0.097), 
with NO3-N, positive in MP (r = 0.473) and Pond II (r =0.337) while 
negative in Pond I (r = - 0.169) and with NH3-N, negative in MP (r = -
0.049) and Pond I (r = - 0.335) and positive in Pond II (r = 0.263). 
- Members of euglenophyceae showed more tolerance to organically 
polluted waters and thus are used as indicator of organic pollution. 
- Desmidiaceae was represented by four genera, namely Closterium, 
Cosmarium, Desmidium and Netrium. 
- Desmids are found less in quantity in these water bodies. It might 
be because of the fact that these waterbodies have the dominance of 
myxophyceae and bacillariophyceae. 
- Desmidiaceae showed positive correlation with pH in all the three 
ponds (Medical Pond: r = 0.360, Pond I: r = 0.431 and Pond II: r = 
0.164). 
- Water temperature with total phytoplankton population showed a 
positive correlation in Medical Pond (r = 0.298) and negative in Pond I 
(r = -0.147) and Pond II (r = -0.488). 
- Dissolved oxygen with total phytoplankton population showed 
positive correlation in Pond I (r = 0.169) and Pond II (r = 0.349) while 
negative in Medical Pond (r = -0.381). 
- pH showed negative correlation with phytoplankton in MP (r = -
0.089) and Pond II (r = -0.041) while positive in Pond 1 (r = 0.281). 
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- P04-P with phytoplankton showed negative correlation in MP (r = -
0.313) and Pond II (r = -0.402) and positive in Pond I (r = 0.055). 
- In the present study, negative correlation between NO3-N and 
phytoplankton was found in MP (r = -0.013) and Pond II (r = -0.198), 
while positive correlation was found in Pond I (r = 0.220). Negative 
correlation between NO3-N and phytoplankton might be due to 
lowering of its utilization by increased phytoplankton for their growth 
and reproduction. 
- Silica showed negative correlation with diatoms in Pond I and Pond 11 
(r = - 0.328 & - 0.079). It may be due to utilization of silica for the 
construction of cell wall. Whereas in M.P. there is excessive agitation 
of water by washermen which brings the silica released from 
decomposition of diatoms in the bottom to surface water, and so a 
positive correlation was obtained in M. P. (r = 0.410). 
- Correlation of total phytoplankton population with total zooplankton 
population was positive in Medical Pond (r = 0.522) and Pond I (r = 
0.496) while negative in Pond II (r = -0.531). 
- Polymodal seasonal occurrence of phytoplankton was seen in all the 
ponds. This might be because of the favourable and unfavourable 
climatic conditions as they disappear during the unfavourable 
conditions and again reappear when the conditions became 
favourable. 
- The zooplankton fauna of these water bodies comprised of four major 
groups, the Cladocera, Copepoda, Rotifera and Ostracoda. They 
contribute significantly to secondary production of these ecosystems. 
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- Rotifers were represented by ten species of Brachionus, Keratella, 
Notholca, Filinia, Testudinella, Polyarthra, Conochilus, Hexarthra, 
Epiphanes and Asplanchna. 
- Crustaceans were dominated by Cladocerans and Copepods. 
- Cladocera was represented by six species of Daphnia, Diaphanosoma, 
Ceriodaphnia, Simocephalus, Bosmina and Moina. Cladocerans are 
important components of micro faunal food web. They serve as major 
prey item for fry, fingerlings and adults of many economically 
important and cultivable fish species. If the food supply is increased 
for a stretch of time they usually level up high number to dominate 
the population. 
- Copepods were represented by five species, namely Cyclops viridis, 
Mesocyclops hyalinus, M. leuckarti, Diaptomus sp. and Cletocamptus 
sp. Copepods are significant primary and secondary consumers in 
aquatic food chains. Continuous occurrence of egg bearing females, 
nauplii and copepodite stages, as found in almost all the months of 
investigation periods, showed the prolific breeding nature without 
being affected by environmental factors. 
- Ostracoda was represented by Cypris sp. only. They are benthic in 
nature and thus are found less in number in surface waters. 
- Zooplankton with water temperature showed positive correlation in 
all the three ponds (Medical Pond: r = 0.498, Pond I: r = 0.106 and 
Pond II: r = 0.673). 
- Zooplankton with dissolved oxygen showed negative correlation in all 
the three ponds (Medical Pond: r = - 0.652, Pond I: r = - 0.316 and 
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Pond II: r = -0.213). 
- Zooplankton with pH had negative correlation in MP (r = - 0.176) and 
Pond II (r = - 0.177) whereas positive in Pond I (r = 0.062). 
- Zooplankton with P04_P showed negative correlation in MP (r = -
0.151) whereas positive in Pond I (r = 0.545) and Pond II (r = 0.807). 
- NO3-N with zooplankton showed positive correlation in MP (r = 
0.129) and Pond I (r =0.060) whereas negative in Pond II (r = -0.244). 
- The monthly fluctuations in zooplankton population are influenced 
by intra and interspecific factors along with the availability of food. 
- All organisms show preference to the climatic conditions. Seasonal 
fluctuations are mainly due to temperature variations. During 
unfavorable conditions they disappear and again reappear on return 
of favourable conditions. 
- Species diversity showed positive correlation with species evenness 
concerning phytoplankton and zooplankton in all the three ponds in 
the present study. 
- In case of phytoplankton, species diversity showed negative 
correlation with water temperature in MP (r = - 0.285) and Pond II (r = 
- 0.757) whereas positive in Pond I (r = 0.031). With pH, correlation 
was positive in MP (r = 0.494) and Pond II (r = 0.385) whereas negative 
in Pond I (r = - 0.026), whereas with PO4-P, positive correlation was 
found in MP (r = 0.336) and Pond I (r = 0.178) and negative in Pond II 
(r = - 0.732). With NO3-N, correlation was positive in all the three 
ponds (MP: r = 0.551, Pond I: r = 0.004 85 Pond II: r = 0.064) and with 
NO2-N, positive correlation was found in MP (r = 0.043) and Pond II (r 
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= 0.120) and negative in Pond I (r = - 0.053). With NH3-N, it was 
negative in MP (r = - 0.644) and Pond I (r = -0.109) and positive in 
Pond II (r = 0.092). 
- In case of zooplankton, species diversity showed negative correlation 
with water temperature in all the three ponds (MP: r = - 0.556, Pond I: 
r = - 0.498 85 Pond II: r = - 0.022). With pH, negative correlation was 
found in MP (r = - 0.150) and Pond I (r = - 0.044) and positive in Pond 
II (r = 0.310), whereas with PO4-P, positive correlation was found in 
MP (r = 0.262) and Pond I (r = 0.297) and negative in Pond II (r = -
0.230). With NO3-N, correlation was positive in MP (r = 0.350) and 
negative in Pond I (r = - 0.266) and Pond II (r = - 0.510), and with NO2-
N, negative correlation was found in MP (r = - 0.228), Pond I (r = -
0.241) and Pond II (r = - 0.360). With NH3-N, negative correlation was 
found in MP (r = - 0.561), Pond I (r = - 0.599) and Pond II (r = - 0.369). 
- On the basis of the above mentioned findings, these ponds being 
free from pollution except sewage input can very well be used 
intensively for pisciculture or even for integrated fish farming after 
following the modern technology used and recommended by CIFA, 
Kaushalyagang, Bhubneshwar for their proper management. 
- Further studies would be conducted on the Plankton organisms 
with particular reference to their identification upto species level. 
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SUMMARY 
Water is an integral constituent of life. It dominates the chemical 
composition of all organisms. There are many freshwater bodies in 
Aligarh. Present work represents the preliminary limnological 
investigation and plankton diversity in some selected water bodies of 
Aligarh. 
Water temperature varied in accordance with air temperature. In all 
the ponds, air temperature ranged from 20 (Medical Pond and Pond II) 
to 36°C (Pond I) whereas water temperature ranged from 16.5 (Pond II) 
to 35°C (Pond I) in ponds during the study period. 
Transparency value ranged from 7.5 (December, 2006) to 30.5 cm 
(October, 2006) in these Ponds. Low transparency values were found 
during summer and monsoon months. In summer, it was mainly 
because of the evaporation of water due to which concentration of 
dissolved solids at increasing temperature raised. Production of 
turbidity during monsoon season is caused by the introduction of 
colloidal matter, silt and clay into the water body along with the rain 
water coming from the surrounding catchment area. 
Turbidity varied from 18 (December, 2006) to 80% during October, 
2006. Water was found to be turbid during summer and monsoon 
months. It may be due to incoming silt and clay along with the surface 
run off from the surrounding areas and occasional rains. 
Values of Total solids ranged from 655.0 (June, 2007) to 1870.0 
mg/L (June, 2007) in the water samples of these ponds. TDS ranged 
from 188.0 mg/L (May, 2007) to 1180.0 (June, 2007) in these ponds. 
TSS ranged from 375.0 (May, 2007) to 860.0 mg/L (March, 2007) in 
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the water samples collected from these ponds. 
Hardness varied from 32.0 (September, 2007) to 335.0 mg/L (June, 
2007) in the water samples of these ponds during the study period. 
Higher values during summer and lower during monsoon might be 
attributed to the evaporation of water at high temperature and 
dilution of water by rain respectively. 
Among Ions, three main ions calcium, magnesium and chloride were 
detected. Calcium varied froml4.6 (September, 2007) to 113.0 mg/L 
(June, 2007) in these ponds. Values of calcium were found higher in 
summer months, lower in monsoon months and moderate during 
winter months. Increased levels of calcium during the summer season 
in these water bodies might be due to evaporation of water and 
decomposition of dead aquatic plants and animals. 
Values of Magnesium ranged from 1.4 (September, 2007) to 31.0 
mg/L (May, 2007) in these ponds. Higher rate of decomposition of 
organic matter and evaporation of water are the probable reasons for 
the higher values of magnesium during summer months. Lower values 
during the monsoon and post-monsoon months might be due to 
higher sedimentation rate leading to settlement in the bottom and 
utilization by plankton. 
Values of Chloride ranged from 9.0 (October, 2006) to 172.0 mg/L 
(June, 2007) in the water samples of these ponds during the study 
period. Incoming sewage and rainwater were found to be main sources 
of chloride. Variations in the chloride values may also be due to 
variations in the chloride content of surface run off water, evaporation 
and sedimentation rate. Higher values during the summer months 
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were found to be mainly due to more evaporation because of increased 
temperature. 
Values of P04_P ranged from 0.389 (January, 2007) to 1.245 mg/L 
(March, 2007) in the water samples of these ponds during the study 
periods. Higher values of phosphorus during the monsoon and post 
monsoon months or winter months might be due to regeneration of 
phosphorus in these ponds whereas higher values during the summer 
months were found to be related with evaporation due to increased 
temperature which affects water level and concentration. 
Values of NO3-N ranged from 0.085 during October, 2006 to 1.135 
mg/L during June, 2007. Values of NO2-N varied from 0.130 (June, 
2007) to 0.425 mg/L (July, 2007). It showed almost the same trend 
as followed by NH3-N and NO3-N. Higher values of nitrite-nitrogen, in 
these ponds, were mainly due to the action of certain nitrifying 
bacteria {Nitrosomonas) during decomposition of green aquatic 
organisms including both phytoplankton and macrophytes 
(Nitrification process). Values of NH3-N ranged from 43.0 (May, 2007) 
to 115.0 mg/L (September, 2007) in the water collected from ponds 
during the study period. Generally, higher concentrations were 
recorded during late summer and monsoon months and was found to 
be associated with higher rate of decomposition of dead and decayed 
organisms and the amount of sewage enter into these water bodies. 
Lower values, during winter months, might be due to slower bacterial 
activity at low temperature causing inhibition of decomposition 
activity, and, so, release of ammonia - nitrogen is retarded. It might 
also be due to direct utilization of ammonia - nitrogen by 
phytoplankton during the period. 
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Values of Silica ranged from 0.012 mg/L (February, 2007) to 0.182 
mg/L (November, 2006) in the water samples of these ponds during 
the study period. Higher concentration of silicates during post-
monsoon months may be due to incoming drainage and surface run 
off which react upon with CO2 to produce silica. Occurrence of low 
silica during winter season and some other months of the present 
study was found to be related with the continuous utilization by 
phytoplankton specially diatoms and certain macrophytes present in 
the water body, and also due to less decomposition activity because of 
low water temperature and higher sedimentation rate. Further, higher 
values during summer may be due to release of silica from 
decomposition of organic matter at higher temperature. ^ 
Dissolved oxygen varied from 2.5 (July, 2007) to 9.8 mg/L (February, 
2007) in the water samples collected from the ponds during different 
times of investigations. Fluctuations in D.O. content have been found 
to be affected by many factors like solubility of oxygen in water, 
intensity of light and photosynthesis etc. 
Carbondioxide was found to be absent during the whole period of 
investigations. It might be because of the release of free carbon dioxide 
from the water column due to increase in pH and temperature, 
utilization during photosynthesis and due to conversion of free 
carbondioxide into bicarbonates by reacting with carbonates. 
pH varied from 8.3 (December, 2006 and January and August, 2007) 
to maximum 9.5 (May and July, 2007). The wide range of pH is the 
result of disturbances caused by washermen's activity, wind action 
and cattle in these ponds during the study period. 
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Values of total Alkalinity varied from 100.0 (July, 2007) to 480.0 
mg/L (January, 2007) in samples collected from the ponds. The 
fluctuations in total alkalinity were mainly due to photosynthetic 
activity of the phytoplankton and other green aquatic plants 
inhabiting the aquatic ecosystem. Higher values, found during the 
winter months, might be due to higher photosynthetic rates, while 
during monsoon and post monsoon months, it may be due to the 
rains and inflow of the water from the surrounding catchment area 
and incoming sewage from the surrounding human settlements. 
Values of Carbonate alkalinity varied from 30.0 mg/L (May, 2007) to 
99.0 mg/L (November and December, 2007). Bicarbonate alkalinity 
varied from 35.0 mg/L (July, 2007) to 400.0 mg/L (January, 2007). 
The increased or decreased bicarbonate contents may be due to 
photosynthetic and respiratory activity of algae and green plants 
respectively. 
Phytoplankton mainly comprise of algae. Variations in seasonal 
occurrence of phytoplankton are seen in all the ponds. A number of 
physical, chemical and biological factors were found involved to bring 
cumulative effect. Water temperature with total phytoplankton 
population showed a positive correlation in Medical Pond (r = 0.298) 
and negative in Pond 1 (r = - 0.147) and Pond II (r - - 0.488), with 
dissolved oxygen, positive in Pond I (r = 0.169) and Pond II (r = 
0.349) while negative in Medical Pond (r = - 0.381). pH showed 
negative correlation with phytoplankton in MP (r = - 0.089) and Pond 
11 (r = - 0.041) while positive in Pond I (r = 0.281). In the present 
study, negative correlation between NO3-N and phytoplankton was 
found in MP (r = - 0.013) and Pond II (r = - 0.198), while positive 
correlation was found in Pond I (r = 0.220). Negative correlation 
between NO3-N and phytoplankton might be due to lowering of its 
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utilization by increased phytoplankton for their growth and 
reproduction. PO4-P with phytoplankton showed negative correlation 
in MP (r = - 0.313) and Pond II (r = - 0.402) and positive in Pond I (r = 
0.055). Silica showed negative correlation with diatoms in Pond I (r = -
0.328) and Pond II (r - 0.079) and positive in M P (r = 0.410). 
Myxophyceae (Blue-Green algae) formed the third abundant group 
among different phytoplankton groups in all the three ponds. In the 
present investigation, this group was represented by seven genera, 
namely Anacystis, Agmenellum, Nostoc, Anaebena, Tetrapedia, 
Oscillatoria and Spirulina. Mj^ophyceae population ranged from 50 
(April, 2007) to 128 No./ml (December, 2006) in Medical Pond, 53 
(April, 2007) to 96 No./ml (August, 2007) in Pond I, 37 (January, 
2007) to 77 No./ml (October, 2006) in Pond II. They indicate the 
eutrophic nature of the water body. The periods of myxophycean 
maxima were usually accompanied by the low concentration of 
dissolved oxygen. 
Chlorophyceae (Green algae) was the most dominant among different 
phytoplankton groups in all the three ponds. In the present 
investigation, this group was represented by fifteen genera, 
Oedogonium, Characium, Scenedesmes, Crucigenia, Tetraspora, 
Spirogyra, Protococcus, Ulothrix, Microspora, Ankistrodesmus, 
Pediastrum, Actinastrum, Selenastrum, Tetraedron and Chlorella. 
Chlorophyceae population ranged from 157 (October, 2006) to 228 
No./ml (December, 2006) in Medical Pond, 132 (June, 2007) to 158 
No./ml (Januaiy, 2007) in Pond I, 101 (September, 2007) to 160 
No./ml (March, 2007) in Pond II. The maxima of green algae, at 
different water temperatures, have been shown by different species. 
This indicates that the various species which constitute the bulk of 
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the chlorophycean flora in these ponds react diversely at different 
temperatures. They also indicate the eutrophic nature of the water 
body. 
Bacillariophyceae (Diatoms) formed the second abundant group of 
phytoplankton in the population density in all the ponds. In the 
present investigation, this group was represented by twelve genera, 
namely Cyclotella, Amphora, Diatoma, Nauicula, Nitzschia, Synedra, 
Fragillaria, Gyrosigma, Gomphonema, Melosira, Stephanodiscus and 
Frustulia. Bacillariophyceae population ranged from 40 (June, 2007) 
to 140 No./ml (September, 2007) in Medical Pond, 64 (October, 2006) 
to 113 No./ml (February, 2007) in Pond I, 64 (October, 2006) to 91 
No./ml (February, 2007) in Pond II. 
Euglenophyceae was fourth in abundance. In the present study, 
euglenoids were represented by only two genera, namely Euglena and 
Phacus. Euglenophytes ranged from 16 (November, 2007) to 29 
No./ml (July and August, 2007) in Medical Pond, 7 (November, 2006) 
to 27 No./ml (March, 2007) in Pond I, 20 (October, 2006 and April 
and May, 2007) to 38 No./ml (January, 2007) in Pond II. They are 
usually found in abundance in organically rich water bodies and can 
be used as indicator of organic pollution. Presence of high nutrients in 
these waterbodies supports their growth. 
Desmidiaceae (Desmids) was represented by four genera, namely 
Closterium, Cosmarium, Desmidium and Netrium. Desmidiaceae 
population ranged from 20 (January, July and August, 2007) to 50 
No./ml (May, 2007) in Medical Pond, 13 (March, 2007) to 26 No./ml 
(October, 2006) in Pond I, 18 (April, 2006) to 29 No./ml (January, 
2007) in Pond II. It was fifth abundant group, found exclusively in 
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fresh waters. 
Zooplankton - The freshwater zooplankton fauna of these water 
bodies comprised of four major groups, namely Cladocera, Copepoda, 
Rotifera and Ostracoda. They showed wide variations in occurrence. 
Zooplankton population showed positive correlation with water 
temperature in all the three ponds (Medical Pond: r = 0.498, Pond I: r 
= 0.105 and Pond II: r = 0.673). It showed negative correlation with 
dissolved oxygen in all the three ponds (Medical Pond: r = -0.552, 
Pond I: r = -0.315 and Pond II: r = -0.213). Zooplankton with pH 
showed negative correlation in MP (r = -0.175) and Pond II (r = -0.177) 
while positive correlation in Pond I (r = 0.062). 
Cladocera formed the most dominant group of zooplankton in the 
population density in Medical Pond and Pond I and second in 
abundance in Pond II. Cladocera is represented by six species of 
Daphnia, Diaphanosoma, Ceriodaphnia, Simocephalus, Bosmina and 
Moina. Total percent contribution of cladocerans ranged from 23.3 % 
during September, 2007 to 44.4 % in January and May, 2007 in 
Medical Pond, 28.2 % during October, 2005 to 48.8 % in January, 
2007 in Pond I and 24.1 % during November, 2006 to 48.9 % in May, 
2007 in Pond II. Cladocerans comprised the food of fry, fmgerlings and 
adults of many economically important and cultivable fish species. 
Copepoda formed the third dominant group of zooplankton in all the 
three ponds. Copepods were represented by four species, namely 
Cyclops viridis, Mesocydops hyalinus, M. leuckarti, Diaptomus sp. and 
Cletocamptus sp. Total copepods percent contribution ranged from 
17.4 % during January, 2007 to 31.7 % in September, 2007 in 
Medical Pond, 15.7 % during May, 2007 to 24.7 % in October, 2006 in 
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Pond I and 10.6% during June, 2007 to 24.7 % in September, 2007 in 
Pond II. They are generally represented as primary and secondary 
consumers in aquatic food chains and can make organic material 
available to higher trophic levels, thus saving the foraging energy to 
their predators. Seasonal fluctuations vt^ ere found to be mainly due to 
temperature variations. The occurrence of egg bearing females, nauplii 
and copepodite stages were found throughout the period of 
investigation shouting their continuous breeding behaviour. 
Rotifera formed the second abundant group of zooplankton in 
Medical Pond and Pond I while it was most dominant in Pond 11. In the 
present study, rotifera is represented by ten species namely 
Brachionus, Keratella, Notholca, Filinia, Polyarthra, Conochilus, 
Hexarthra, Testudinella, Bpiphanes and Asplanchna. Total percent 
contribution of rotifers ranged from 26.4% during May, 2007 to 41.6 
% during November, 2006 in Medical Pond, 21.0 % during June, 2007 
to 40.0 % in October, 2006 in Pond I and 31.1 % during July, 2007 to 
52.3 % in November, 2006 in Pond II. They are known to be valuable 
bioindicators of water quality (Sladecek, 1983 & Berzins and Pejler, 
1989) and form essential food for Indian Major Carps. Temperature 
was not found to be a limiting factor for rotifers. 
Ostracoda group was represented by only one genus, Cypris sp. Its 
percent contribution varied from 0.30 % during February, 2007 to 2.5 
% in October, 2006 in Medical Pond, 0.30 % during January, 2007 to 
5.3 % in June, 2007 in Pond I and 0.40 % during-July, 2007 to 1.9 % 
in February, 2007 in Pond II. This species was found least in surface 
waters, might be due to its benthic nature. They are only a minor 
element in the diet of young and adult fish. 
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Eggs and Nauplii were found throughout the period of investigation 
indicating that zooplankton are prolific and continuous breeders. 
Species diversity showed positive correlation with Species evenness 
concerning phytoplankton and zooplankton in all the three ponds in 
the present study. Species diversity showed positive and significant 
correlation with evenness in Medical Pond (r = 0.641), Pond I (r = 
0.712) and Pond II (r = 0.640) in case of phytoplankton. Concerning 
zooplankton the correlation was positive in Pond I (r = 0.410) and 
positive and significant in Medical Pond (r = 0.860) and Pond II (r = 
0.647). 
Correlation between Species Diversity and some physico -
chemical parameters were also determined. In case of phytoplankton, 
species diversity showed negative correlation with water temperature 
in MP (r = - 0.285) and Pond II (r = - 0.757) whereas positive in Pond I 
(r = 0.031). With pH, correlation was positive in MP: r = 0.494 and 
Pond II: r = 0.385 and negative in Pond I: r = - 0.026, whereas with 
PO4-P, positive correlation was found in MP (r = 0.336) and Pond I (r = 
0.178) and negative in Pond II (r = - 0.732).With NO3-N, correlation 
was positive in all the three ponds (MP: r = 0.551, Pond I: r = 0.004 85 
Pond II: r = 0.064) and with NO2-N, positive correlation was found in 
MP (r = 0.043) and Pond II (r = 0.120) and negative in Pond I (r = -
0.053). With NH3-N, it was negative in MP (r = - 0.644) and Pond I (r = 
-0.109) and positive in Pond II (r = 0.092). 
In case of zooplankton, species diversity showed negative 
correlation with water temperature in all the three ponds (MP: r = -
0.556, Pond I: r = - 0.498 & Pond II: r = - 0.022). With pH, negative 
correlation was found in MP (r = - 0.150) and Pond I (r = - 0.044) and 
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positive in Pond II (r = 0.310), whereas with PO4-P, positive correlation 
was found in MP (r = 0.262) and Pond I (r = 0.297) and negative in 
Pond II (r = - 0.230). With NO3-N, correlation was positive in MP (r = 
0.350) and negative in Pond I (r = - 0.266) and Pond II (r = - 0.510) 
and with NO2-N, negative correlation was found in MP (r = - 0.228), 
Pond I (r = - 0.241) and Pond II (r = - 0.360). With NH3-N, negative 
correlation was found in MP (r = - 0.561), Pond I (r = - 0.599) and 
Pond 11 (r = - 0.369). 
The term evenness originates from the biological sciences, more 
particular from ecological studies (Magurrun, 1991 and Nijssen et al, 
1998). Magurrun (1991) describes evenness roughly as how equally 
abundant species are. More precisely, evenness is a measure for the 
relative apportionment of abundance among the species present. 
Species evenness increases as species are more evenly distributed in a 
sample such that maximum evenness is obtained when all the species 
are equally abundant (De Jong, 1975). Species evenness (equitalibity) 
is also a parameter which indicates relative awareness of the various 
species in a sample (De Jong, 1975). 
PHYTOPLANKTON 
Species diversity ranged from 3.038 (January, 2007) to 3.280 
(March, 2007) in Medical Pond, 3.058 (December, 2006) to 3.275 
(February, 2007) in Pond I and 3.118 (May, 2007) to 3.335 (February, 
2007) in Pond II. 
Species dominance ranged from 0.071 (February, 2007) to 0.117 
(October, 2006) in Medical Pond, 0.064 (February, 2007) to 0.112 
(December, 2006) in Pond I and 0.059 (February, 2007) to 0.100 (May, 
2007) in Pond II. 
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Species Evenness ranged from 0.873 (April, 2007) to 0.931 
(February, 2007) in Medical Pond, 0.906 (November, 2006) to 0.944 
(February, 2007) in Pond I and 0.926 (May, 2007) to 0.945 (February, 
2007) in Pond II. 
Percentage similarity ranged from 84.37 (August and September, 
2007) to 92.75% (March and April, 2007) in Medical Pond, 91.52 
(November and December, 2006; December and January, 2007 and 
August and September, 2007) to 96.87% (October and November, 
2006) in Pond I and 93.75 (August and September, 2007) to 98.50% 
(October and November, 2006, January and February, 2007 and 
February and March, 2007) in Pond II. 
ZOOPLANKTON 
Species diversity ranged from 2.826 (July, 2007) to 3.107 (November, 
2006) in Medical Pond, 2.913 (August, 2007) to 3.240 (April, 2007) in 
Pond I and 2.998 (July, 2007) to 3.172 (February, 2007) in Pond II. 
Species Dominance ranged from 0.096 (November, 2006) to 0.153 
(June, 2007) in Medical Pond, 0.070 (April, 2007) to 0.167 (August, 
2007) in Pond I and 0.077 (April, 2007) to 0.153 (July, 2007) in Pond 
II. 
Species Evenness ranged from 0.863 (August, 2007) to 0.932 (April, 
2007) in Medical Pond, 0.891 (December, 2006 and February, 2007) 
to 0.943 (April, 2007) in Pond I and 0.894 (November, 2006) to 0.942 
(February, 2007) in Pond II. 
Percentage Similarity ranged from 78.57 (December, 2006 and 
January, 2007) to 93.10% (November and December, 2006) in Medical 
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Pond, 82.35 (June and July, 2007) to 93.54% (January and February, 
2007) in Pond I and 86.20 (December, 2006 and January, 2007) to 
96.50 % (November and December, 2006 and January and February, 
2007) in Pond II. 
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